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1

Approximately 4,000 fatalities result from crashes involving trucks 
and buses in the United States each year. Although estimates are 
wide-ranging, 10 to 20 percent of these crashes may have involved 

fatigued drivers. The stresses associated with work as a commercial motor 
vehicle (CMV) driver (e.g., irregular schedules, economic pressures) and 
the lifestyle many of these drivers lead put them at substantial risk for 
insufficient sleep and the development of short- and long-term health 
problems. Sleep disorders such as obstructive sleep apnea (OSA), for 
example, appear to be common among many CMV drivers. OSA is a 
major contributor to driver fatigue, which in turn raises a driver’s risk 
for involvement in crashes. Moreover, it has become increasingly clear 
that drivers who regularly obtain insufficient sleep, whether as a result 
of irregular work patterns, sleep disorders, or other reasons, are likely at 
increased risk for a number of serious long-term health problems. 

To address this problem, the Federal Motor Carrier Safety Admin-
istration (FMCSA) asked the National Academies of Sciences, Engineer-
ing, and Medicine to convene the Panel on Research Methodologies and 
Statistical Approaches to Understanding Driver Fatigue Factors in Motor 
Carrier Safety and Driver Health. The panel was charged with provid-
ing advice on additional data collection and analytic techniques with 
the potential to support a more comprehensive understanding of the 
links between operator fatigue and highway safety and between fatigue 
and long-term health problems, such as cardiovascular diseases. Specifi-
cally, the charge to the panel was to “assess the state of knowledge about 

Summary
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2 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

the relationship of factors such as hours of driving, hours on duty, and 
periods of rest to the fatigue experienced by truck and bus drivers while 
driving and the implications for the safe operation of their vehicles. The 
panel will also assess the relationship of these factors to drivers’ health 
over the longer term. It will identify improvements in data and research 
methods that can lead to better understanding in both areas.” 

STUDY CONTEXT

FMCSA’s mission is to “reduce crashes, injuries, and fatalities involv-
ing large trucks and buses.” The agency works toward this goal in at 
least three ways. First, a major policy lever at FMCSA’s disposal is that it 
issues and administers hours-of-service (HOS) regulations for truck and 
bus drivers that specify the maximum number of hours they can work in 
a day and in a workweek. The hope is that if they drive limited hours, 
drivers will have enough time to obtain adequate sleep between work 
shifts, and therefore will be more alert and less fatigued while driving. As 
a result, it is believed, the risk of crashes will be lower.

Second, FMCSA is responsible for the medical certification of CMV 
drivers through the National Registry of Certified Medical Examin-
ers (NRCME). Members of the NRCME examine CMV operators at 
least every 2 years to determine whether they meet FMCSA’s medical 
standards. 

Third, Transport Canada, FMCSA, trucking industry trade associa-
tions, and other agencies developed the North American Fatigue Manage-
ment Program (NAFMP), an Internet-based online educational program 
that informs drivers, their employers, and anyone involved in commercial 
carrier operations about the causes of driver fatigue, the increased risk of 
crashes due to fatigue, the long-term health consequences of CMV driv-
ing (such as regular sleep insufficiency), and, most important, suggests 
countermeasures that can be used to manage driver fatigue.

The specifics of these three FMCSA programs are based on the cur-
rent scientific understanding of operator fatigue, its causes, and its con-
sequences. A considerable amount of research has been conducted to 
clarify the relationship among hours of service, driver fatigue, and crash 
risk, as well as the relationship between fatigue and long-term health and 
wellness. As yet, knowledge of these relationships is not comprehensive, 
and the relationships themselves may be changing. However, the quality 
and quantity of the information available on these relationships is con-
stantly increasing. In particular, new in-vehicle technologies and roadway 
improvements are regularly being applied to promote safety, and several 
of these innovations allow for the capture of important data that could be 
used to better inform policy and/or improve driving procedures. Addi-
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tionally, recent advances in statistical methods could be applied to make 
better practical and research use of data that either are currently collected 
or could be collected if targeted for research purposes.

HOS regulations can only limit hours spent driving and working; they 
cannot mandate rest, so they inherently cannot ensure, by themselves, that 
drivers will be well rested and alert. Therefore, it is not straightforward to 
determine how additional modifications of the current HOS regulations 
would result in more or less fatigue in CMV drivers that might, respec-
tively, raise or lower crash risk.

In addition, driver fatigue obviously is not the only cause of highway 
crashes. Crash risk factors can be grouped into at least four main types: 
driver characteristics; truck or bus characteristics; factors stemming from 
employment circumstances, especially with respect to scheduling and 
work assignments; and the physical environments encountered while 
driving. The variety of factors from which a crash can result, acting either 
solely or in combination, makes it challenging to develop an understand-
ing of the nature of an individual risk factor—in the present case fatigue—
since there are so many confounders that are difficult to control or other-
wise account for in analyses. Therefore, the study designs and analytic 
tools used in such research are critically important. 

A further complication is that fatigue is very difficult to define and 
therefore to measure objectively. If fatigue is loosely defined as the inabil-
ity to sustain performance over time, under such a vague definition, it 
is not directly measurable. Therefore, it is somewhat difficult to assess 
fatigue, and thus to regulate how to avoid driving while fatigued. As a 
result, researchers and policy makers must instead assess how hours of 
service affect various components of fatigue, many of which are measur-
able. One of the most important, objectively measureable components of 
fatigue is “drowsiness” or lack of alertness. 

To add to this complexity, the commercial truck and bus industries 
are highly heterogeneous, with a great variety of types of employment, 
methods for compensation, and so on. As a result of their specific type 
of employment, many CMV drivers are affected in different ways, and 
sometimes not at all, by changes in HOS regulations. Therefore, stratify-
ing, or otherwise accounting for, the type of employment in some way is 
important when carrying out research in this area. 

Adding still further to this complexity is the difficulty of assessing 
some of the primary inputs—sleep duration, hours of service, level 
of driver alertness—and the primary output—rates of crashes due to 
fatigue. Deriving satisfactory measures of the amount or quality of sleep 
obtained by a truck or bus driver during the previous night or nights is 
difficult because self-reports often are not highly reliable and because 
attempts to directly capture measures of drivers’ sleep are invasive in 
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nature. Also, it has been shown that paper logs recording hours of ser-
vice for CMV  drivers are often inaccurate. In crash reporting databases, 
moreover, the primary judges of the factors involved in a highway 
crash are police officers, who must make such assessments after the 
fact, with little information to go on. Partly as a result of these difficul-
ties, the available crash reporting databases often provide a paucity of 
information on sleep deficiency in CMV drivers, their adherence to HOS 
regulations, and their crash frequency as a result of fatigued driving. 
Therefore, research on the linkage among hours of service, fatigue, and 
accident frequency is hampered by imperfect knowledge of the three 
most central variables.

THE RESEARCH QUESTIONS MOST ESSENTIAL TO FMCSA

Any newly proposed changes to the HOS regulations for CMV driv-
ers, to the process for drivers’ medical certification, and to the NAFMP 
need to be based on research-supported understanding of the costs and 
benefits of such changes. The following list represents the panel’s attempt 
to articulate questions that, if answered satisfactorily, should assist FMCSA 
in understanding the costs and benefits of existing and proposed changes 
to its policies and regulations in these areas:

• How much sleep do typical CMV drivers need to maintain suit-
able sustained levels of alertness and to avoid being drowsy to 
the point of driving while impaired?

• To what extent would any proposed change in HOS regulations 
affect the amount of sleep obtained by CMV drivers in different 
industry sectors?

• What degree of hypopnea (severity level of OSA) results in 
enough sleep loss to increase the risk of crashes for CMV 
drivers?

• To what extent does regular use of positive airway pressure (PAP) 
and related OSA treatment technologies and measures mitigate 
that increased risk?

• To what extent are various collision avoidance and driver fatigue 
alert technologies (both in-vehicle technologies and infrastructure 
measures such as roadway rumble strips) useful for reducing the 
risk of crashes? 

• What substances, if any, reduce impairment due to sleep 
insufficiency?

• To what extent is chronic sleep deprivation related to an increased 
risk of developing health threats or various medical conditions?
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• To what extent do CMV drivers, their employers, corporate offi-
cials, fleet supervisors, safety and risk managers, and drivers’ 
families make use of the NAFMP materials on the Internet? 

• To what extent do fatigue awareness training and fatigue man-
agement initiatives result in behavioral improvements in CMV 
drivers?

Considerable progress has been made toward answering many of these 
questions using techniques ranging from laboratory observation and driv-
ing simulators for focused comparisons; to various kinds of epidemiologi-
cal techniques, especially case-control and cohort studies; to  naturalistic 
driving studies assessing what happens in the field. Laboratory studies 
can enable comparison of specific treatments or interventions in highly 
specialized environments; however, the necessary extrapolation from labo-
ratory observation to field implementation is not always straightforward. 
Epidemiological studies and naturalistic driving studies, and even sum-
mary crash data, can be highly informative about what is happening in 
the field; however, these studies can be subject to confounding influences 
when attempts are made to compare interventions or treatments. 

SUMMARY OF WHAT IS KNOWN 

What Causes Driver Fatigue?

Fatigue-related performance decrements are a complex function of 
several factors, including lengthy time on task (i.e., long drives), extended 
wakefulness or acute sleep deprivation, chronic insufficient sleep, and 
poor-quality sleep. Some of these factors are attributable to irregular 
work schedules, nighttime work, and misalignment of circadian phase. 
Other possible contributors to driver fatigue include the presence of sleep 
dis orders, such as OSA, and other medical disorders, and even use of 
sedating medications. However, the extent to which each of the above 
individual factors, or the interaction among them, adversely affects per-
formance is unknown.

Why Do Drivers Continue to Drive When 
They Are at Risk of Fatigue? 

Drivers get inadequate sleep for several reasons. CMV driving is an 
essential part of the just-in-time delivery economy, so the demand for 
such workers is increasing. To understand why CMV drivers may con-
tinue to drive when sufficiently drowsy to be impaired, one must consider 
the form of their work compensation structure and many other confound-
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ing influences, including family pressures and commuting patterns. The 
factors involved in decision making are relatively well known but not 
their specific individual contributions. 

What Is the Relationship Between Sleep Deficits 
and Decreased Driver Alertness? 

Research has shown that insufficient sleep leads to decreased alert-
ness and eventually to performance decrements. Performance decrements 
can lead in turn to driver errors or inappropriate driving practices, which 
then can lead to crashes. These errors and inappropriate practices usually 
are a function of slowed reaction times, attention failures, and poor deci-
sion making.

What Are Practicable Ways of  
Reducing or Eliminating Driver Fatigue? 

Various fatigue countermeasures are commonly attempted, some that 
have been tried and proven to work, and others that yield only fleeting 
effects and are not as helpful. Among those that work best are adhering 
to work-rest scheduling that permits sufficient sleep, driving primarily 
during the daytime rather than at night, being cognizant of the two antici-
pated circadian lulls of the 24-hour day, obtaining sleep immediately prior 
to a long trip, planning to take and taking periodic breaks from driving 
during trips, and inserting planned naps into a trip plan. While consum-
ing caffeine can provide temporary relief, and rumble strips can serve to 
alert drivers that they are likely falling asleep, these measures really pro-
vide only temporary assistance. The only way to reduce the need for sleep 
before going on duty and thus to alleviate or prevent operator fatigue, 
aside from short and temporary postponements, is to obtain an adequate 
quality and quantity of sleep.

What Is the Relationship Between Acute or Chronic Sleep Loss  
and Increased Crash Risk for CMV Drivers? 

Acute fatigue is thought to develop when drivers shortchange them-
selves of several hours of sleep per 24-hour day over a few days in 
succession or even over a workweek. Such acute fatigue can usually be 
ameliorated by gaining sufficient recovery sleep (e.g., during a driver’s 
nominal 2 days off or his/her weekend). On the other hand, chronic 
fatigue may be more long-lasting and, in addition to repeated sleep 
shortages, may involve elements of continuous pressure or stresses from 
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other sources (e.g., job or family and home circumstances). Knowledge 
currently is lacking about how to identify chronically fatigued drivers 
and how to determine ways in which drivers and employers can deal 
with the problem. 

What Is the Relationship Among OSA, PAP Use, and Crash Risk? 

 OSA is associated with increased crash risk for CMV drivers. An 
important need is to determine how to identify those drivers most at 
risk of crashes due to OSA. The extent to which treatment of severe OSA 
with PAP devices mitigates the risks due to OSA is unknown, but there is 
some evidence that PAP use for 4 or more hours a night brings the risk for 
crashes close to that for drivers without OSA. Also unknown is whether 
drivers diagnosed with mild or moderate OSA are at significant crash 
risk or whether they, too, might benefit from PAP treatment to make them 
more alert while driving.

How Do Health and Wellness Programs and Fatigue Management 
Initiatives Modify the Behavior of CMV Drivers? 

A few large truck carriers have derived positive results from their 
almost 10 years of experience in integrating health and wellness and fatigue 
management programs, and they have shared those experiences, including 
the return on their investment in such initiatives. However, most studies of 
these programs have not sufficiently and reliably validated their efficacy 
for achieving the goal of reducing crash risk or their scalability. Also, little 
is known about the use of health and wellness programs by independent 
owner-operators. Additional development, research, and demonstration of 
validity and reliability are needed in this area. 

What Are the Likely Safety Effects of Improvements in and 
Deployment of Collision Avoidance and Fatigue Alert Technologies? 

Studies of the potential of improved collision avoidance and fatigue 
alert technologies to ameliorate the impact of fatigue on crash risk in 
a variety of situations have been conducted in laboratories, in driving 
simulators, in the field, and in demonstrations of newer technological 
innovations. In general, however, such studies have not sufficiently and 
reliably validated the efficacy of these technologies in reducing crash risk 
or their readiness for deployment. Additional development, research, and 
demonstration of validity and reliability are needed in this area. 
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DIRECTIONS FOR FUTURE RESEARCH

Inputs and Outcomes Essential for Further Research Progress

Further progress in research on the relationship among CMV driver 
fatigue, drivers’ long-term health, and highway safety will require qual-
ity information on the inputs and outputs corresponding to the essential 
research questions listed above. Specifically, information is clearly needed 
on the following: 

• driver loss of alertness in near real time (possibly obtained by a 
system that measures degree of eyelid closure);

• amount of quality sleep a driver received in the past 24 hours;
• the number of sleep-related crashes in which a driver was involved 

per vehicle-miles traveled over a long period of time (e.g., several 
years of driving);

• a driver’s development of various health conditions that can 
affect alertness; 

• changes in components of a driver’s lifestyle, especially diet and 
health; and

• a driver’s number of lane deviations, unusual speed changes, and 
unusual brake applications. 

Since roadway crashes are rare events, one measurement outcome 
often used as a surrogate for crashes in naturalistic driving studies is 
safety-critical events (SCEs). SCEs often are defined as kinematic events, 
such as hard braking or swerving, that can be viewed as actions that 
nearly resulted in crashes and are therefore reasonable surrogates for 
those events. SCEs include incidents that are and are not fatigue related. 
For some research purposes, then, only a subset of SCEs is relevant, so 
methods for identifying the most relevant subset of SCEs for research on 
CMV driver fatigue need to be determined. 

To learn more about the research questions outlined above, it will be 
necessary to better understand the links between the relevant inputs and 
the relevant outcomes. Achieving this understanding will in turn require 
having these input and outcome variables at the level of the individual 
driver. And obtaining that information will likely require the ability to 
merge data across separate sources. At present, however, while the inputs 
or the outputs for many of the above research questions may be available 
to some parties (e.g., confidentially held by carriers/employers or acces-
sibly electronically recorded by equipment manufacturers), many of these 
measures are not available to researchers. 
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Alternative Sources of Data

A large proportion, but not all, of the data needed to answer impor-
tant research questions either is currently collected or could be collected 
in the near future. These data might be collected by various government 
agencies, by individual trucking or busing companies, by companies 
that help monitor the functioning of drivers and vehicles, by industrial 
collectives, and by various electronic recording devices on the vehicles 
being driven. In particular, much of these data are currently held by indi-
vidual companies or industrial collectives with a promise of confidential-
ity that precludes their sharing for any purpose, including research. This 
information might include, for example, data on crashes per vehicle-mile 
traveled, video data of the driver that could be used to assess PERCLOS 
(percentage of eye closure),1 evidence of lane weaving and hard brak-
ing, information on the driving environment and the condition of the 
vehicle, maneuvers made immediately prior to crashes and in advance of 
noncrashes, demographics, driver height and weight, other driver health 
measures, and the type of employment. The collection of these data by 
private companies and their collectives demonstrates the feasibility of 
gathering such information and may suggest alternative data collection 
approaches for FMCSA to consider.

Furthermore, several data-handling procedures and statistical tech-
niques have been used over the past 25 years to provide protection against 
the release of individually identifiable information but may not be well 
known outside of the various national statistical agencies. Use of such 
techniques might make it possible to revise some confidentiality agree-
ments to allow for sharing of selected information with researchers. 

For many of the research questions posed above, one potential draw-
back is that even after the various inputs and outcomes had been gathered, 
one would have to link those variables for individual drivers and vehicles 
(properly anonymized). Development of such linkages might require the 
assignment of a code that would identify a driver across data sets. 

Finally, since some of the linkages and information on long-term 
driver health outcomes will be very difficult to acquire, research progress 
in this area would be advanced if the National Institute for Occupational 
Safety and Health (NIOSH), in conjunction with the Bureau of Labor 
 Statistics and FMCSA, were to design and carry out an ongoing survey on 
the health and wellness of CMV drivers. A survey that would allow com-
parisons over time is needed to better understand the dynamics underly-
ing changes in the health and wellness of truck and bus drivers.

1 A measure of the percentage of eyelid closure over a period of time (one of the most ac-
cepted measures of drowsiness).
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Use of Causal Inference Techniques

Crashes often have many causes, only one of which may be driver 
fatigue due to sleep deficiency, and these other causes must be accounted 
for in research aimed at understanding how fatigue is linked to crashes. 
Further, since identifying the causes of a serious crash after the fact is 
difficult, one must be aware of the potential for substantial measure-
ment error. Research therefore is needed that can disentangle various 
individual inputs, such as fatigue, from other confounding factors with 
respect to their impact on crash risk. Such research will require the use 
of recently developed data collection and statistical techniques useful for 
drawing causal inferences. It would be advisable for FMCSA to promote 
the use of such techniques in the research it supports. 

Validation of New Technologies

A number of technological countermeasures have been and are being 
introduced (e.g., lane-deviation tracking systems, newer- generation 
 PERCLOS tracking systems) with the promise of helping to mitigate 
driver fatigue. The National Highway Traffic Safety Administration could 
fill an important need by outlining a procedure that could be followed to 
validate the effectiveness of such new technologies. 

Validation of Educational Programs

To date, the effectiveness of the NAFMP has not been properly 
assessed. The panel believes strongly that the longitudinal survey on 
CMV drivers’ health and welfare recommended below (in Recommenda-
tion 10) needs to include questions on interaction with the NAFMP.

KEY CONCLUSIONS

CMV Drivers’ Health and Wellness

Conclusion 1: Insufficient sleep can increase the risk of developing 
various health problems, including obesity, diabetes, hypertension, and 
cardiovascular disease, all of which can impact an operator’s level of 
alertness while driving and potentially impact crash risk.

Conclusion 2: Based on the evidence on drivers who are not commercial 
motor vehicle drivers, obstructive sleep apnea is known to increase crash 
risk, and there is no evidence base or compelling reason for thinking 
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that the same would not also be true among commercial motor vehicle 
drivers.

Conclusion 3: Better understanding is needed of the effects of treat-
ing obstructive sleep apnea in commercial motor vehicle drivers with 
positive airway pressure (PAP) therapy with respect to the amount and 
quality of sleep they obtain and their cognition and driver performance 
following PAP treatment sessions.

Conclusion 5: Substantial data gaps limit understanding of factors that 
impact the health and wellness of commercial motor vehicle drivers. 
Closing these gaps would aid greatly in developing a better understand-
ing of drivers’ current status and long-term prospects with respect to 
health and wellness.

Conclusion 8: Insufficient information exists on (1) how the variety of 
fatigue management and health and wellness management programs 
available have been designed, (2) whether drivers/employers actually 
adhere to these programs, and (3) whether these programs are effective 
in achieving their goals. 

Sleep Insufficiency and Its Impact on Highway Safety

Conclusion 10: There is no biological substitute for sufficient sleep.

Conclusion 12: Despite almost three decades of research on the topic, 
technological innovations for detecting driver fatigue in near real time 
and operational strategies for their use are still in the early phases of 
understanding and application. 

Conclusion 13: Biomathematical models can be useful for the develop-
ment of general work-rest schedules. However, existing models do not 
account for individual variation, so care must be taken in applying them 
to address likely impacts of irregular work schedules.

RECOMMENDATIONS 

Data Gaps

RECOMMENDATION 1: The National Institute for Occupational 
Safety and Health should be enlisted to design and conduct a regu-
larly scheduled survey every 5 to 10 years to gather information 
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needed to better understand the demographics and employment 
circumstances of all commercial motor vehicle drivers in various 
industry segments.

RECOMMENDATION 2: The Federal Motor Carrier Safety Admin-
istration should conduct an evaluation to determine whether com-
mercial motor vehicle drivers’ use of electronic on-board recorders 
correlates with reduced frequency of hours-of-service violations 
and reduced frequency of crashes compared with those drivers who 
do not use such instruments. 

RECOMMENDATION 3: Given the potential research benefits of 
the use of data from electronic logging devices, Congress should 
consider modifying Title 49 of the U.S. Code to permit the use of 
such data for research purposes in a manner that protects indi-
vidualized confidential data from disclosure, and if such a change 
is made, the Federal Motor Carrier Safety Administration should 
make parallel provisions in its regulations.2

RECOMMENDATION 4: When commercial trucks and buses con-
taining electronic data recorders that record data on the functioning 
of the driver and the truck or bus are involved in serious crashes, 
the relevant data should be made available to investigators and to 
safety researchers. 

RECOMMENDATION 5: The Federal Motor Carrier Safety Admin-
istration should incentivize those that capture driver performance 
data (e.g., large fleets, independent trucking associations, compa-
nies that collect telematics data, insurance companies, researchers) 
to increase the availability of those data relevant to research issues 
of operator fatigue, hours of service, and highway safety. Any such 
efforts should ensure that data confidentiality is maintained, per-
haps through restricted access arrangements or use of statistical 
techniques for disclosure protection.

RECOMMENDATION 6: The Federal Motor Carrier Safety Admin-
istration should work to improve the collection of and/or access to 
baseline data on driving exposure by including in its data collection 
efforts greater detail on the driving environment and by providing 
these data at low levels of geographic aggregation—even for indi-

2 A change has been made from the prepublication copy to update language to make it 
clear that FMCSA cannot change the law but it can modify its regulations.
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vidual highway segments. Comparisons enabled by the availability 
of these baseline data would benefit several proposed lines of new 
research.

How CMV Drivers React to Feelings of Drowsiness

RECOMMENDATION 7: The Federal Motor Carrier Safety Admin-
istration should support research aimed at better understanding 
the factors associated with driver behavior related to fatigue and 
sleep deficiency, including what motivates drivers’ decisions about 
whether to continue driving when they feel fatigued. 

Testing of New Technologies

RECOMMENDATION 8: Using a human-systems integration 
framework, the Federal Motor Carrier Safety Administration and 
the National Highway Traffic Safety Administration, in consulta-
tion with the Centers for Disease Control and Prevention and the 
National Institutes of Health, should develop evaluation guide-
lines and protocols for third-party testing, including field testing, 
conducted to evaluate new technologies that purport to reduce the 
impact of fatigue on driver safety. 

How FMCSA Can Improve Its Research Projects  
Through Peer Review

RECOMMENDATION 9: The Federal Motor Carrier Safety Admin-
istration should make greater use of independent peer review in 
crafting requests for proposals, assisting in decisions regarding 
awards, and monitoring the progress of projects (including in the 
study design and analysis stages). Peer review should include 
expertise from all relevant fields, including epidemiology and sta-
tistics—especially causal inference—to address appropriate design 
and analysis methods. 

Understanding of What Impacts the  
Long-Term Health of CMV Drivers

RECOMMENDATION 10: The U.S. Department of Health and 
Human Services and/or the U.S. Department of Transportation 
should fund, design, and conduct an ongoing survey that will allow 
longitudinal comparisons of commercial motor vehicle drivers to 
enable tracking of changes in their health status, and the factors 
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likely to be associated with those changes, over time. In addition, 
it would be highly desirable for the survey data thus collected 
to include sufficient information to enable linking of the data to 
relevant electronic health records, with a particular focus on condi-
tions that may threaten drivers’ health and safety. 

RECOMMENDATION 11: The Federal Motor Carrier Safety Admin-
istration should continue to encourage all individuals included in 
the National Registry of Certified Medical Examiners to utilize 
current best practices in identifying drivers who should be referred 
for additional sleep malady testing and in making determinations 
about commercial driver’s license renewal extensions. It would be 
highly preferable, as soon as possible, to supply the examiners with 
clear criteria or guidance on when it is appropriate to refer present-
ing drivers for sleep malady testing. 

RECOMMENDATION 12: The Federal Motor Carrier Safety 
Administration should support peer-reviewed research on obstruc-
tive sleep apnea (OSA) and commercial motor vehicle drivers 
throughout all the research stages, from the drafting of requests for 
proposals through analysis of data. The supported research should 
be focused on a better understanding of the incidence of OSA 
in commercial motor vehicle drivers; its impact on driver fatigue, 
safety, and health; and the benefits of treatments. Specific research 
topics might include

•  determining the number of commercial motor vehicle drivers 
whose quantity/quality of sleep and driving performance are 
likely affected at various levels of apnea-hypopnea (index of 
OSA severity);

•  determining what rules for sleep-screening referrals are effec-
tive in discriminating between those commercial motor vehicle 
 drivers with and without OSA; 

•  delineating the causal chain from diagnosis of OSA (preferably 
as a function of severity) to increased likelihood of crash fre-
quency among commercial motor vehicle drivers;

•  determining the impact of treatment with positive airway pres-
sure (PAP) and similar devices on long-term health and crash 
rates among commercial motor vehicle drivers with varying 
degrees of apnea severity; and

•  identifying the required/recommended duration of initial PAP 
treatment (e.g., suggested number of hours of treatment per day/
week) before a driver can be certified to return to driving. 
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RECOMMENDATION 13: The Federal Motor Carrier Safety 
Administration (FCMSA) should carry out a research program on 
driver fatigue management and training. This research program 
should include

•  evaluating the effectiveness of the North American Fatigue Man-
agement Program (NAFMP) for educating truck and bus drivers 
in how to modify their behavior to remedy various potential 
sources of fatigue;

•  determining how effective the NAFMP training modules are in 
meeting the needs of drivers’ employers, including fleet man-
agers, safety and risk managers, dispatchers, driver trainers and 
other corporate officials (e.g., those conducting carrier-sponsored 
employee health and wellness programs);

•  evaluating any new education programs regarding sleep apnea 
that FMCSA has or plans to develop; and

•  examining possibilities for the development and evaluation 
of incentive-based programs for improving health and fitness, 
including regular coaching, assessment, and support.
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Approximately 4,000 fatalities due to truck and bus crashes occur 
each year, up to 20 percent of which are estimated to involve 
fatigued drivers. Commercial motor vehicle (CMV) drivers may 

decide to drive when they are fatigued as a result of either external 
demands (e.g., delivery schedules) or internal decisions (e.g., a need to get 
to the desired location). Consequently, the Federal Motor Carrier Safety 
Administration (FMCSA), an agency of the U.S. Department of Trans-
portation, has established hours-of-service (HOS) regulations that limit 
the number of hours CMV drivers can drive and the number of hours 
in which they can engage in other tasks, such as loading and unloading, 
on both a daily and weekly basis. While HOS regulations are based on 
a substantial research literature on how they impact fatigue, fatigue and 
HOS regulations are two among many possible causal factors implicated 
in crash risk. A better understanding and mitigation of the risk posed by 
fatigue in commercial driving could be obtained through the acquisition 
of more relevant data and the use of more targeted quantitative methods. 

To help answer questions about the linkages among hours of service, 
fatigue, highway safety, and the long-term health of CMV drivers, FMCSA 
requested that the National Academies of Sciences, Engineering, and 
Medicine, through its Committee on National Statistics, convene the Panel 
on Research Methodologies and Statistical Approaches to Understanding 
Driver Fatigue Factors in Motor Carrier Safety and Driver Health; see 
Box 1-1 for the panel’s detailed statement of task. This request came at an 
opportune time because many new and anticipated data sources on motor 

1

Introduction
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BOX 1-1 
Statement of Task

An ad hoc panel will conduct a study to assess the state of knowledge about 
the relationship of factors such as hours of driving, hours on duty, and periods 
of rest to the fatigue experienced by truck and bus drivers while driving and the 
implications for the safe operation of their vehicles. The panel will also assess the 
relationship of these factors to drivers’ health over the longer term. It will identify 
improvements in data and research methods that can lead to better under standing 
in both areas. The study is requested by the Federal Motor Carrier Safety Admin-
istration (FMCSA) in the U.S. Department of Transportation, which is responsible 
for regulating hours of service (HOS), including time on duty and time and peri-
ods of driving, for motor carrier operators engaged in interstate commerce. The 
panel’s review will cover a broad range of literature on factors that relate to fatigue, 
impaired performance, and adverse health outcomes for motor carrier operators 
and workers in other industries that involve similar cognitive and physiological 
demands, including but not limited to analyses and modeling studies carried out 
by FMCSA. Based on its review and deliberations, the panel will issue a report 
with findings and recommendations that (1) assesses the strength of the evidence 
(based on the quality of the research methods and the underlying data) regarding 
factors, such as hours of driving, hours of duty, and periods of rest, that may lead to 
fatigue and impaired cognitive and physiological performance of motor carrier driv-
ers; (2) assesses the strength of the evidence regarding these factors and impaired 
health outcomes (including effects on mortality and morbidity) for motor carrier 
operators; (3) identifies priorities for research and modeling to improve knowledge 
of HOS and other factors in motor carrier driver fatigue, safety, and health; and (4) 
identifies the most promising data collection methods (e.g., anonymous response 
surveys, naturalistic driving studies, electronic on-board recorders, other fatigue 
management technologies) and the most appropriate statistical methods for ana-
lyzing very large data sets (e.g., data mining, modeling, generation of synthetic 
data) to support state-of-the-art research in these important areas.

The panel will take account of the regulatory context that underlies FMCSA’s 
interest in research and data collection on factors, including hours of service and 
periods of rest, that can affect motor carriers’ cognitive and physiological perfor-
mance on the job and their longer term health. However, it will not recommend 
changes to HOS rules.

vehicle crashes and their causes either are now available or soon will be. 
Examples include on-board electronic recording systems and video data 
capture and vehicle telematics, often associated with naturalistic driving 
studies. In addition, to help analyze the more detailed and complex data 
derived from these new sources, new statistical and computer science 
methodologies have been developed. In particular, methods for assess-
ing causal relationships have been improved substantially in the past 20 
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years. Techniques for analyzing data with a complex time and spatial cor-
relation structure, including mixed linear models, also have been devel-
oped and are relevant to the analysis of data in this area. 

STUDY CONTEXT

Fatigue and Performance in Safety-Sensitivity Occupations

HOS regulations in regulated industries typically specify both the 
limits of time at work and minimum rest time in order to maintain safety 
and reduce risk resulting from fatigue. Fatigue generally refers to a sub-
jective sense of weariness, but in work environments, it refers primarily 
to the objective decline in performance resulting from physical exertion 
and/or behavioral effort over time, as well as from inadequate time for 
recovery. The concept of degraded performance with time on task has its 
origins in the physical meaning of fatigue relative to biology (e.g., con-
tinued stimulation leading to temporary loss of responsivity) and  physics 
(e.g., increasing tendency of a material to break down after repeated 
physical stress). When applied to human performance, fatigue refers to 
increasing performance variability and instability in behavioral alertness 
and vigilance due to continued time on task without breaks (Lim et al., 
2010) and/or during night work (Neri et al., 2002) and/or after sleep loss 
(Basner and Dinges, 2011; Lim and Dinges, 2008). These effects are cap-
tured in the definition of fatigue as “a biological drive for recuperative 
rest” (Williamson et al., 2011). 

The contribution of inadequate sleep to fatigued performance in 
safety-sensitive occupations has been of increasing concern as a result 
of mounting scientific evidence over the past 20 years that obtaining 
sufficient sleep is essential for optimal brain function and performance 
(Banks and Dinges, 2007; Lim and Dinges, 2008; Xie et al., 2013; Yang et 
al., 2014). Population studies reveal that many people experience insuffi-
cient sleep for medical and occupational reasons (Basner et al., 2014; Ford 
et al., 2015). The U.S. Centers for Disease Control and Prevention (CDC) 
reports that the number of American adults sleeping 6 hours or less per 
day increased from 38.6 million to 70.1 million between 1985 and 2012, 
an increase the CDC characterizes as a “public health epidemic” (Centers 
for Disease Control and Prevention, 2015; Ford et al., 2015). An estimated 
37 percent of the adult U.S. population sleeps less than 7 hours per day, 
which recent evidenced-based consensus reviews and epidemiological 
studies have found to be the minimum sleep duration to prevent cumula-
tive deterioration in performance and health and increased risk of mortal-
ity (Ferrie et al., 2007; Watson et al., 2015a, 2015b). Studies suggest that 
the majority of short sleepers do not require less sleep than other adults; 
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rather, these individuals gradually accrue sleep debt over time and report 
a greater tendency to fall asleep unintentionally (McKnight-Eily et al., 
2011; Punjabi et al., 2003). Individuals who obtain less sleep than needed 
because of work typically sleep longer on nonwork days—a pattern seen 
in CMV drivers (Dinges et al., 2005b; Hanowski et al., 2007) that suggests 
many accrue a sleep debt on workdays. 

Fatigue is a demonstrated risk to safety in transport and occupa-
tional settings (Williamson et al., 2011). In addition to compromising alert-
ness and vigilance, prolonged time on task, inadequate breaks, reduced 
sleep time, and limited time off duty, individually and collectively, can 
slow reaction time and cognitive processing speed and degrade work-
ing memory, situational awareness, and impulse control. The result is an 
increase in both performance errors of omission, which involve the failure 
to respond in a timely manner, and errors of commission, which involve 
responding prematurely or incorrectly (Lim and Dinges, 2010). Subjective 
ratings of fatigue generally underestimate the magnitude of performance 
deficits due to fatigue (Banks et al., 2010; Van Dongen et al., 2003a), which 
limits the utility of self-reported fatigue relative to safety risk.

In current commercial transportation systems, the most common 
causes of fatigue relate to the interaction of eight temporal domains: 
(1) amount of time awake before work; (2) time of day work occurs 
(i.e., night versus day); (3) amount of time at work (i.e., on-duty dura-
tion); (4) amount of time working specific tasks (e.g., driving versus not 
driving); (5) time for acute rest during work periods (e.g., number and 
duration of breaks); (6) time not working (i.e., off-duty duration within 
and between days); (7) daily time asleep (i.e., both acute and cumula-
tive); and (8) degree of sleep disruption (e.g., by untreated sleep apnea, 
pain, and other factors). HOS typically involve limitations in a subset of 
these temporal domains. 

Because the concept of fatigue was first associated with deteriorating 
performance due to time on task, before the critical contributions of sleep 
need and circadian timing were understood, time working (on duty) and 
time on task (driving) have received much of the attention relative to 
fatigue mitigation through HOS regulations for CMV drivers. However, 
scientific studies in the past 25 years have established that driver fatigue 
and performance also are dynamically influenced by the regulation of 
sleep need and endogenous circadian rhythms, including the need to 
obtain sufficient sleep to ensure recovery from work schedules that might 
induce either acute or chronic sleep deprivation. The major advance in 
understanding of work-related fatigue has derived from scientific evi-
dence that the neurobiology underlying human performance is such that 
changes in performance are not simple functions of amount of sleep, 
circadian cycle, and other factors. 
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Fatigue and Commercial Motor Vehicle Operators

An example of this nonlinearity is illustrated by the findings of a 
naturalistic study of CMV drivers. This study found that approximately 
30 percent of all observed instances of driver drowsiness occurred within 
the first hour of the work shift, and that drowsiness was twice as likely 
to occur between 6 AM and 9 AM compared with baseline or nondrowsy 
driving (Barr et al., 2011). This finding appears to be the opposite of the 
expected adverse effects of driving time on alertness. However, a database 
study of all fall-asleep crashes in North Carolina found that they peaked 
in frequency between 6 AM and 9 AM (Pack et al., 1995). Also impor-
tant, scientific studies of the interaction of sleep and circadian dynamics 
have established that these are among the hours of the day when sleep 
propensity is especially elevated as a result of little or no sleep the night 
before (Lim and Dinges, 2008), after repeated days of sleep restriction 
(Cohen et al., 2010; Mollicone et al., 2010), or during sleep inertia from just 
having awakened (Jewett et al., 1999). Therefore drowsy driving would 
be expected to be higher at 6-9 AM than at 6-9 PM (the circadian peak 
in daily alertness), even though 6-9 AM represents the beginning hours 
of a drive (Burke et al., 2015). Thus, an understanding of fatigue-related 
accidents and errors among CMV drivers needs to be based on the best 
available information on how time on task, time awake, sleep time, and 
circadian time interact relative to risk, in addition to well-recognized 
contributors to risk (e.g., road conditions, traffic density, environmental 
factors).

Fatigue interacts with other aspects of the lifestyles of CMV drivers, 
including unhealthy diet and insufficient exercise. A substantial body of 
evidence indicates that a chronic reduction in sleep time—especially to 6 
or fewer hours per day, which has been objectively documented among 
CMV drivers (Dinges et al., 2005b; Hanowski et al., 2007; Van Dongen and 
Mollicone, 2014)—is associated with many long-term health problems, 
including obesity, hypertension, diabetes, and cardiovascular disease, as 
well as performance deficits (Watson et al., 2015a, 2015b). Evidence that 
obesity is the avenue by which the other disorders occur was found in a 
recent study of 88,246 CMV medical examinations from 2005 to 2012. The 
cohort had a 53-percent prevalence of obesity (defined as body mass index 
[BMI] > 30.0 kg/m2), and obesity was linked to heart disease, hyperten-
sion, diabetes mellitus, nervous disorders, sleep disorders, and chronic 
low back pain in these individuals (Thiese et al., 2015a). This study also 
found that between 2005 and 2012, the prevalence of morbid obesity 
(defined as BMI > 35.0 kg/m2) increased 8.9 percent, and the prevalence 
of three or more co-occurring medical conditions associated with obesity 
that limit driving certification increased fourfold. 
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Obesity and related health conditions are of concern not only for 
driver health in general but also for driver retention and for the increased 
risk of fatigued driving. As a result, FMCSA joined with other U.S. and 
Canadian agencies to develop the North American Fatigue Management 
Program (NAFMP), an online information and educational program 
(described in Chapter 8) designed to help drivers understand the fac-
tors that contribute to their fatigue and its consequences and to encour-
age healthier habits.1 In 2010, the National Transportation Safety Board 
(NTSB)2 made the following recommendation:

To be most effective, a fatigue management program should be compre-
hensive and authoritative. Within the next 2 years, the NAFMP is expected 
to provide fatigue management program guidelines specifically designed 
for use in the motor carrier environment. Implementation of these guide-
lines by every motor carrier would be a major step toward addressing the 
problem of fatigue among commercial drivers on the  nation’s highways. 
But if the NAFMP guidelines remain voluntary—and are used by some 
carriers but ignored by others—this important safety tool might have only 
a limited effect in reducing fatigue-related highway accidents. Conse-
quently, the NTSB recommends that the FMCSA require all motor carriers 
to adopt a fatigue management program based on the NAFMP guidelines 
for the management of fatigue in a motor carrier operating environment.

However, the effectiveness of the NAFMP among CMV drivers is 
unknown, as is the case for alternative approaches to fatigue manage-
ment. Consequently, the NTSB stated “. . . FMCSA, as the Federal agency 
responsible for motor carrier safety, must also be involved in the evalua-
tion of the fatigue management programs used by carriers to determine 
whether they successfully mitigate fatigue.” The NTSB concluded that 
if fatigue management programs are to be successful, FMCSA oversight 
is needed; therefore, the NTSB made the following recommendation to 
FMCSA: “Develop and use a methodology that will continually assess 
the effectiveness of the fatigue management plans implemented by motor 
carriers, including their ability to improve sleep and alertness, mitigate 
performance errors, and prevent incidents and accidents.”

DATA LIMITATIONS

Upon reviewing the data available for developing an understanding 
of how driver fatigue relates to crash risk, the panel identified a number 

1 Available: http://www.nafmp.com/en [March 2016].
2 National Transportation Safety Board Safety Recommendation Date: October 21, 2010. In 

reply refer to H-10-8 through -11 and H-08-13 and -14 (Reiteration).
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of limitations. First, any analysis of fatigue, hours of service, and crash 
frequency must reflect the substantial heterogeneity in the types of jobs 
performed by CMV drivers. Differences exist in the size of the fleets with 
which they are affiliated, truck-handling characteristics, whether trucks are 
monitored electronically, drivers’ work schedules, how drivers are compen-
sated, the length of time drivers are away from home, and other factors. 
Although considerable data are collected on drivers who work for large 
carriers, much less information is available on those who work for small 
carriers and, especially, on independent owner-operators. 

Second, the data available to researchers on various causal factors are 
a patchwork, with some of the most essential variables being either not 
recorded, imperfectly captured, or recorded but without the information 
needed to evaluate their linkages to crash risk. 

Third, the statistical methods used in analyzing the available data 
often fail to take adequate account of confounding influences. More exten-
sive and sophisticated analysis methods are needed because analysis of 
the data sets now available, as well as those being collected in even larger 
naturalistic studies, needs to account for the effects of a wide range of 
factors, in addition to and in interaction with fatigue, to determine the 
extent to which they affect crash risk among CMV drivers. These fac-
tors can be grouped broadly into the characteristics of the driver (which 
include the temporal domains relevant to fatigue, as discussed above), the 
carrier, the driving environment, and the vehicle. Given the complexity 
of many types of confounding factors, different outcomes of interest (e.g., 
fatal crashes or all crashes), different subsets of the populations of CMV 
drivers, and different types of jobs, it is not surprising that efforts to date 
to examine the causal association among driver behavior, hours driving, 
driver fatigue, and crash rates have resulted in a variety of somewhat 
disparate findings. 

Better quality data, including temporal synchronization across vari-
ables, and the use of advanced quantitative methods could provide an 
understanding of the multiple interacting factors that increase crash risk. 
This understanding would in turn inform future HOS regulations and 
the development of other types of countermeasures, and help ensure that 
they instantiate a more comprehensive picture of the relationship between 
driver fatigue and highway safety. 

FMCSA also is responsible for overseeing the regular medical certi-
fication of CMV drivers through the efforts of medical examiners who 
certify that they are fit to drive. These examinations take place at least 
every 2 years and are intended to evaluate the risk of sudden or gradual 
impairment or incapacitation due to medical conditions or their treat-
ment. Evidence on the effectiveness of these medical exams in evaluating 
drivers who are likely to have sleep apnea and those who are suscep-
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tible to fatigue for other medical reasons is limited. Some evidence does 
indicate that, since the National Registry of Certified Medical Examiners 
was implemented, examiners have been inconsistent in the criteria they 
apply in evaluating the risk of medical conditions that may lead to driver 
fatigue. This inconsistency represents another avenue of opportunity for 
identifying ways to improve CMV drivers’ health and highway safety.

ORGANIZATION OF THE REPORT

Part I of this report provides background information on the problem 
of CMV driver fatigue and its relationship to drivers’ long-term health 
and highway safety. Chapter 2 describes the trucking and bus industries. 
Chapter 3 presents what is known about fatigue, operator performance, 
and safety. Chapter 4 then describes the HOS regulations and provides a 
short history and some international comparisons.

Part II of the report describes the relevant available data and the rel-
evant newer methodologies for analyzing those data. Chapter 5 describes 
the data available from a variety of sources, while Chapter 6 details the 
types of methods that could be applied to analysis of the data.

Part III of the report provides an in-depth discussion of what is cur-
rently known about fatigue. Chapter 7 addresses the effects of fatigue on 
highway safety. Chapter 8 describes how fatigue relates to health. Chap-
ter 9 describes countermeasures for dealing with the effects of fatigue. 
Chapters 8 and 9 also present the panel’s conclusions.

Part IV addresses research directions. Chapter 10 describes the 
research needed on fatigue and highway safety. Chapter 11 describes 
the research needed on the role of fatigue in long-term health and 
on management of fatigue. These two chapters present the panel’s 
recommendations.

Finally, it should be noted that, because of an imbalance in the avail-
able literature and knowledge, as well as the difference in the degree of 
prevalence of the problem, this report is somewhat more targeted to truck 
than to bus safety. However, both issues are covered in the chapters that 
follow.
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Truck and bus operations in the United States are as diverse as the 
U.S. economy. Considerable heterogeneity in the truck and bus 
industries stems from operational characteristics ranging from fleet 

size and employer type to work schedules and on-the-job activities. Given 
this diversity, it is difficult to make simple statements about the relation-
ship of such factors as work hours and periods of rest to fatigue among 
commercial motor vehicle (CMV) drivers and about drivers’ long-term 
health. Nonetheless, to help the reader understand the population regu-
lated by the Federal Motor Carrier Safety Administration (FMCSA), this 
chapter reviews characteristics of the U.S. trucking and bus industries 
and provides a brief description of the lifestyles of CMV drivers and the 
policies and practices that influence driver fatigue and health. The chapter 
also touches on the attitudes in both industries toward driver fatigue and 
health and wellness programs and the information available on demo-
graphic and anthropometric variables with regard to CMV drivers.

Transportation in the United States occurs by road, rail, air, and water-
ways (boats) and can be broadly categorized into passenger and freight 
transportation. Passenger traffic is handled primarily by private automo-
biles (80%), planes (12%), trains (1%), and buses (7%) (U.S. Department of 
Transportation, 2014, Table 2-1). Freight traffic provides U.S. households 
with access to manufactured goods, and business establishments rely on 
freight transportation to move their raw materials and finished products. 
Trucks carry 67 percent of U.S. freight by weight and a much higher 
percentage by value. Trucks are crucial not only in the transportation 

2

The Trucking and Bus Industries

27
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industry but also in many other sectors, such as agriculture, construction, 
and warehousing. 

THE TRUCKING INDUSTRY

The trucking industry comprises hundreds of thousands of carriers 
and millions of drivers moving goods locally or in long hauls between 
cities. The industry is diverse, and different segments have different opera-
tional characteristics. FMCSA regulates trucks that are operated in interstate 
commerce or the transport of hazardous materials in quantities requiring 
a  placard. There currently exists no single method for classifying truck 
 drivers, but the major domains of classification are highlighted below. 

Size of Carrier

Important differences exist among drivers by virtue of the size of the 
carrier for which they drive. Drivers may be employed by a large fleet or 
a small fleet, or they may be a one-truck operation, that is, an independent 
owner-operator.1 Table 2-1 shows the distribution of carriers and trucks 
by fleet size, displaying clearly the majority-minority industry structure. 
The majority of trucks on the road are operated by large carriers even 
though they represent a minority of the number of carriers in the indus-
try. A very few of the large carriers are quite large, owning thousands of 
trucks. Conversely, as the table shows, smaller firms—those with 20 or 
fewer trucks—make up an appreciable fraction of the industry: nearly 
95 percent of the more than 500,000 active truck carriers.

Types of Trucks

As shown in Table 2-2, truck drivers operate a variety of types of 
trucks. As a result, driver licensing requirements differ depending on the 
type of truck, as well as the type of load (discussed below). Any driver 
of a truck with a 26,001 or more lb gross vehicle weight rating (GVWR) 
must have a valid commercial driver’s license (CDL). The requirements 
for a valid CDL are set nationally, while each state regulates CDL testing 
and issues the licenses. Endorsements to the CDL are required for certain 
categories of truck and load type. For example, drivers of multiple-trailer 
trucks or any truck carrying hazardous materials must have the appropri-

1 There is no standard definition for “large” or “small” fleet. In compliance reviews pub-
lished by FMCSA, carrier fleet size is categorized as very small (1-6 power units), small 
(7-20 power units), medium (21-100 power units), and large (> 100 power units). Available: 
https://ai.fmcsa.dot.gov/SafetyProgram/spRptReview.aspx?rpt=RVFS [March 2016]. 
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TABLE 2-2 Classes of Trucks Operated by Truck Drivers by Gross 
Vehicle Weight Rating 

GVWR 
Class

GVWR 
Range (lbs) Example Type

Driver 
Needs 
CDL?

3 10,001 to 14,000 Big pickup, delivery van Straight No

4 14,001 to 16,000 Delivery van Straight No

5 16,001 to 19,500 Small dump truck, 
medium van

Straight No

6 19,501 to 26,000 Utility truck, home fuel 
oil delivery truck

Straight No

7 26,001 to 33,000 Dump truck, big-box van, 
2-axle tractor (used with 
two 28.5-foot trailers)

Mainly straights,  
two-axle tractors

Yes

8 33,001 and above 3-axle tractor, big dump 
truck, concrete mixer, 
3-axle straight van

Mainly tractors,  
3+-axle straights

Yes

NOTES: GVWR = gross vehicle weight rating, the maximum operating weight of a vehicle, 
including the driver and the cargo, as specified by the manufacturer. CDL = commercial 
driver’s license, which permits one to operate a commercial motor vehicle of a specific size.
SOURCE: For greater detail, see Burks et al. (2010).

TABLE 2-1 Distribution of Carriers and Trucks as of November 2014

Fleet Size  
(based on number of trucks) Carriers % of Total

Number 
of Trucks % of Total

Between 1 and 3 397,328 72.91 584,923 13.48

Between 4 and 20 119,148 21.86 922,497 21.26

Between 21 and 55 16,247 2.98 529,354 12.20

Between 56 and 100 4,185 0.77 310,197 7.15

Between 101 and 999 3,849 0.71 967,986 22.31

Greater than/equal to 1,000 283 0.05 1,023,681 23.59

Zero 409 0.08 0 0.00

Unknown 3,478 0.64 0 0.00

TOTAL 544,927 100.00 4,338,638 100.00

NOTE: The companies are all registered with the Federal Motor Carrier Safety Administra-
tion to operate trucks in interstate commerce or to transport hazmat, and they have “recent 
activity.”
SOURCE: Truck count based on Motor Carrier Management Information System Carrier File. 
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ate endorsement. To qualify for this endorsement, they must demonstrate 
additional knowledge and skills beyond those required for the basic CDL. 
Since each state issues CDLs, FMCSA, in concert with the states, main-
tains a national database of CDL licenses, so a driver should not be able 
to obtain multiple licenses, and a driver with a suspended or revoked 
license in one state is precluded from continuing to drive a truck with a 
license from a different state. 

Following are the common truck types driven by truck drivers:

• two- and three-axle straight trucks, with van, dump, or tank cargo 
bodies, such as the two-axle, six-tire vans used for local package 
delivery;

• two- and three-axle straight trucks pulling a trailer, which include 
small vans or dump trucks with equipment trailers;

• bobtail tractors (tractors with no trailer);
• tractor-semitrailers; and
• tractor two- or three-trailer combinations, which include the so-

called STAA2 doubles (two 28-foot trailers), turnpike doubles 
(two 40+-foot trailers), and triple-trailer combinations.

Employer

Many truck drivers are employed by private carriers that are not for-
hire trucking firms. Private carriers transport their own goods or use the 
trucks in furtherance of their business. This means the operations of 
the trucks (times, road types, loads, etc.) are constrained by the needs 
of the business. Some private carriers move such a large volume of freight 
that they can operate like a big truckload (TL) or less-than-truckload (LTL) 
for-hire carrier (see definitions of TL and LTL in the following subsection). 
These are manufacturers, distributors, or retailers that move their own 
goods among factories, distribution centers, and retail outlets. They can 
have regular schedules, routes, and driving times, which can be controlled 
to address driver needs for regular rest, returning home every night after 
work, and so on. The drivers’ jobs can be like any other regular shift jobs. 
Other private carriers use trucks incidental to their primary business, such 
as construction, landscape, or retail.

Unlike the private carriers described above, for-hire carriers primarily 
provide freight transportation services for their customers; their business 
is not to transport their own freight.

2 STAA refers to the Surface Transportation Assistance Act of 1982, which allows 
large trucks, referred to as STAA trucks, to operate on routes that are part of the National 
Network. 
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Type of Load

Within the for-hire carrier domain, the distinction between TL and 
LTL services can have important ramifications for driver schedules and 
rest. In the case of TL services, the load is typically being transported from 
a single shipper to a single destination. LTL services combine shipments 
from multiple shippers and transport them to multiple destinations. 

LTL carriers usually aggregate multiple small shipments into a load, 
transport them between terminals (as described below), and then dis-
tribute the shipments locally. TL carriers generally do not have such a 
terminal structure and focus on transporting large shipments, often for 
relatively long distances. Drivers for TL carriers typically pick up a full 
load from a shipper and move it directly to the receiver of the goods. A 
large majority of TL carriers’ business is regular and predictable under 
contracts or less formal agreements. Some TL carriers provide dedicated 
service, regularly hauling loads for a particular customer. Drivers in these 
situations may have predictable and regular schedules.

Big TL firms move enough freight that they can control dispatch to 
allow relatively regular schedules for their drivers. Other types of TL 
services are more occasional and episodic. For example, a TL firm or inde-
pendent owner-operator may work with a freight broker. Such brokers 
find loads and arrange for carriers or owner-operators to haul them. In 
these situations, drivers can have much less regular schedules and unpre-
dictable routes. The driver picks up a load, delivers it, then checks in with 
the broker for the next load; overall this process can result in unpredict-
able and irregular schedules.3

In contrast, a defining feature of LTL service is that, as noted above, 
many small loads from a variety of shippers are consolidated into one 
load (at a terminal), transported to destination terminals, and then dis-
persed to their destinations. Some LTL drivers operate primarily terminal 
to terminal, on regular schedules and routes. They drive tractors pulling 
one, two, or three trailers. At the terminals, the consolidated load may be 
broken down into smaller loads and then loaded on medium-duty vans 
and delivered by other drivers to recipients. Thus some LTL drivers make 
long-haul trips in big tractor-trailer rigs, while others perform package 
delivery in smaller trucks, in neighborhoods and to businesses. Although 
the package delivery drivers operate within a local area, their routes may 
vary day by day. They also spend a good part of each day loading and 
unloading at multiple locations. 

Finally, some truck drivers work for private carriers, for which, as 

3 On the other hand, owner-operators in this situation are their own bosses and can more 
easily take a break when needed, without having to get permission or be accountable to a 
dispatcher.
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described above, the truck operation is incidental to the main line of busi-
ness. Some big retailers operate their own trucking arms, which provide 
LTL-like service between suppliers and retail stores. At the other end of 
the spectrum are construction firms that use large trucks to transport 
building materials and farmers who haul agricultural products to market. 

Relationship to Hours-of-Service Regulations and Driver Fatigue

The major domains of classification described above influence  drivers’ 
work schedules, the types and lengths of routes they drive, and what 
constitutes their daily duty. Given the scope of this report, it is useful to 
describe the complexities of these influences from the perspective of hours-
of-service (HOS) regulations and driver fatigue:

• Regular versus irregular schedules
 —  LTL service typically entails more regular schedules, both for 

long-haul and package delivery operations. Regular schedules 
make it easier for drivers to comply with HOS regulations 
and may give them more opportunities to get regular rest and 
sleep at home each night.

 —  Private carriers may have regular schedules for the most part, 
with variations for some industries and in the case of some 
seasons or circumstances. For example, farmers and custom 
harvesters operate in response to the needs dictated by crops, 
while utility workers may work extended hours to restore 
service following an outage. 

 —  Large TL carriers generally can provide more regular sched-
ules and hauls, although that may not always be the case. 
Smaller TL carriers are likely to have less regular schedules 
and hauls, and their drivers may be away from home for 
 longer periods and have less control over their schedules. 

 —  Hazmat drivers transport dangerous cargo for which a timely 
delivery schedule becomes primary, which may place the 
driver in conflict with HOS regulations.

• Regular versus irregular routes
 —  As described above, TL carriers may be more likely than LTL 

carriers to have irregular routes, which in turn create difficul-
ties in adhering to HOS regulations. Driver fatigue may be an 
issue when schedules are irregular.4

4 Crum and colleagues (2002) investigated the influence of motor carrier scheduling prac-
tices on driver fatigue for 116 truck companies and 66 motor coach companies and found 
that regular schedules and routes appeared to diminish fatigue. 
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 —  LTL package delivery entails elements of irregular routes, 
but the delivery operations are typically on a regular sched-
ule, which should be conformable to the limits set by HOS 
regulations.

 —  Private carriers generally have regular routes and can manage 
operations to maintain regular schedules. As noted above, 
there are exceptions depending on their operations (e.g., sea-
sonal demands related to agriculture or utility work). 

• Length of haul5

 —  LTL and TL carriers, irrespective of fleet size, are more likely 
to have long than shorter routes.

 —  Large private carriers, such as the big retail companies, are 
more likely to have long than shorter routes.

 —  Smaller private carriers are more likely to have local or 
regional routes than longer routes.

• Primary activity in the job
 —  In for-hire operations, driving is the job almost by definition, 

so for-hire truck drivers are more likely than drivers for private 
carriers to face difficulties related to the limits of the HOS regu-
lations, and driving-related fatigue may be an issue for them. 

 —  There is more variability in private operations. 
  o  In some private operations, the primary job of the driver 

is driving. For these drivers, HOS regulations and driving-
related fatigue are salient but fairly readily controlled in a 
well-managed firm. 

  o  In other private operations, truck driving is incidental to 
the job. HOS, especially time behind the wheel and driv-
ing-related fatigue, are less of an issue for these drivers 
unless they are told to put in more hours driving to get a 
critical job done. Under such circumstances, HOS regula-
tions become relevant.

• Loading/unloading
 —  Big LTL carriers are involved in terminal-to-terminal opera-

tions; drivers likely are not involved in loading/unloading of 
their cargo.

 —  Drivers working for TL carriers, particularly small ones, may 
load and unload their cargo.

 —  The same may be true for drivers for private firms, except 
those working for big retail distribution companies.

5 The terms long haul, regional, and short haul are often used to indicate the typical distance 
traveled to deliver a load. Long haul often means greater than 700 miles, regional between 
300 and 700 miles, and short haul less than 300 miles.
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 —  Drivers for small private farms and similar businesses are 
likely to load and unload trucks in addition to driving. Driv-
ing is not their sole job by definition.

Given the heterogeneity of the operational structure of truck driving, 
it is no surprise that big carriers have a different cost structure from that 
of medium-sized carriers and independent owner-operators—each indus-
try segment faces a different average cost and average benefit curve. The 
 market is highly segmented, with multiple players and intense competi-
tion leading to thin profit margins. According to IBIS World, the top six 
carriers represented about 10 percent of total sales in 2012. There are a 
small number of large players and a large number of small players, and 
none of the players hold substantial market power. As different players 
operate differently, the impact of HOS regulations varies across the indus-
try. The challenge FMCSA faces is devising HOS regulations that do not 
compromise either the economic feasibility of different-sized trucking 
operations or highway safety. 

WORKING CONDITIONS AND PAY OF A TRUCK DRIVER

Individuals working as long-haul truck drivers for smaller firms are 
more likely than drivers for larger firms to be away from home for most of 
the year and to be alone while driving. Their job is physically demanding 
because they may be required to load and unload cargo, which increases 
the risk of injuries. Given the current HOS regulations, being on duty 
14 hours per day is common (Hege et al., 2015). Drivers can face long 
waiting periods during pickup and drop-off operations at warehouses 
and ports. The combination of long working hours, physically demand-
ing tasks, and the pressures of a just-in-time economy creates a work 
environment for truck drivers that is not favorable to their health and 
has safety implications. Box 2-1 presents information from three studies 
on the workday of truck drivers.

Along with such issues, compensation provided to truck drivers plays 
a role in their decision to drive long hours. Truck drivers are paid in one 
of three general ways: (1) by the hour, (2) by the mile, or (3) by the load 
(which can include a percentage of the revenue associated with the load). 
The per-mile rate varies among employers and may depend on the type of 
cargo and the driver’s experience. Some long-distance drivers, especially 
owner-operators, are paid a share of the revenue from shipping. Along 
with these three types of compensation schemes, there exist hybrids that 
entail some combination of base pay and incentives. According to the 
Bureau of Labor Statistics, the median annual wage for heavy and tractor-
trailer truck drivers was $38,200 in May 2012, with a wide range: the low-
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BOX 2-1 
The Workday of Long-Haul Truck Drivers

Information from three studies provides some sense of the work schedule of 
a typical truck driver.a 

Hanowski and colleagues (2000) collected information on activities performed 
by commercial motor vehicle (CMV) drivers in long/short-haul operations using a 
survey questionnaire. The 42 drivers sampled in the study spent about 28 percent 
of their workday driving, 35 percent loading/unloading, 26 percent on other assign-
ments (e.g., merchandising, checking in/out, vehicle inspection), 7 percent waiting 
to unload, 2 percent eating, 0.5 percent resting, and 1.5 percent on other activities. 

Subsequent work done by Soccolich and colleagues (2013) on the CMV 
driver workday using naturalistic data found that the majority of the 96 long-haul/
line-haul drivers in the study sample spent their 14-hour workday driving (65.7%), 
followed by light work such as paperwork (18.7%); resting, which included sleep-
ing and eating (11.5%); and doing heavy work such as loading/unloading (4.1%). 

Jovanis and colleagues (2011) identified 10 common multiday (1-week) driv-
ing patterns of drivers based on paper logsb supplied by two big truckload (TL) 
and three less-than-truckload (LTL) carriers (Jovanis et al., 2011). The driving 
patterns showed significant variation in time of day when drivers began or ended 
their shifts, days of the week they were off duty, and hours devoted to sleeping/
resting. A certain percentage of drivers were driving mainly from midnight to noon 
in the first 4 days of a week, taking off the next 2 days, and then returning to work 
on the last day of the week. Another group of drivers were on duty infrequently the 
first 4 days of the week and worked intensively the remaining days, with driving 
being concentrated from noon to midnight. 

aThe panel did not have comprehensive information on the work schedules of truck drivers; 
therefore, the information in this box should not be considered representative of the truck 
driver population.

bTo ensure compliance with hours-of-service regulations, CMV drivers are required to fill out 
logs detailing their working hours, including time spent driving, on duty/not driving, off duty, 
and in a sleeper berth.

est 10 percent earned less than $25,110, while the top 10 percent earned 
more than $58,910 (U.S. Bureau of Labor Statistics, 2014). 

Two general dimensions of driver compensation are relevant to this 
study:6

1. Level of compensation—offering higher pay gives carriers the 
opportunity to attract and retain more highly skilled and safer 
drivers.

6 Key among the laws that impact the compensation of truck drivers is the Fair Labor Stan-
dards Act exemption issued in 1938, which exempted the trucking industry from overtime 
compensation. For details, see http://www.dol.gov/whd/flsa/ [March 2016].
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2. Type of compensation—paying by the mile, by the hour, or by 
the trip encourages drivers to drive more miles, hours, or trips, 
which contributes to driver fatigue. Regardless of the compensa-
tion method, it is common practice not to pay for loading and 
unloading. The laborious nature of these activities contributes to 
driver fatigue, which may be exacerbated by the fact that  drivers 
may try to rush through them given that the time is unpaid. 

It is not clear how the compensation scheme and hours of service 
interact and which predominates in terms of influencing safe driving. 
Paying by the hour incentivizes drivers to accumulate more time. On non-
Interstate/freeway-quality roads, driving time often increases because of 
traffic volume, lower speed limits, and traffic lights. Thus distance may 
decrease, but driving time increases. This puts compensation and HOS 
regulations in conflict. 

Belzer (2000) makes the point that deregulation in the trucking indus-
try has led to negative externalities—declining wages and poor working 
conditions. Deregulation led to extreme competition in certain sectors 
of the industry, which in turn drove down wages as carriers were keen 
to find clients, and driver wages were a primary target for cutting costs 
(Belzer, 2000). 

Evidence suggests that compensation and safety are linked. Using 
driver-level data from a large carrier—J.B. Hunt—Rodriguez and col-
leagues (2006) highlight the results of an experiment done by the carrier 
when it increased driver wages by 39.1 percent (on average) in a single 
move. Controlling for demographic factors, work experience, and opera-
tional factors, the higher wages reduced driver turnover and improved 
safety performance (lower crash probability on average). Another study 
(Thompson et al., 2015) found that manipulation of payment methods in 
a simulator produced poor decision making in fatigued drivers.

THE BUS INDUSTRY

Table 2-3 lists total bus registrations in 2013 by type of ownership. Like 
the trucking industry, the bus industry has various segments. Based on the 
type of operation run, the bus industry can be divided into four sectors:

1. Scheduled service—Bus companies offering a posted service, such 
as that operated by Greyhound and Megabus, which runs spe-
cific routes regionally throughout the United States and  Canada. 
 Drivers bid on these routes, and successful drivers receive a 
90-day contract.

2. Tour and charter—Bus companies specializing in group tours and 
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TABLE 2-3 Bus Registrations in 2013, by Type of Ownership

Ownership Type Number

Private and commercial 137,656

School and other publicly owned 217,735

Federal 6,550

State, county, and municipal 496,572

SOURCE: U.S. Federal Highway Administration (2013, Table MV-10).

excursions. For this service, there is usually no repetitive fixed 
or specific route. Drivers are assigned this work a few days in 
advance. 

3. Hybrid service—Bus companies operating both scheduled and 
tour and charter services. 

4. Transit service—Buses operated by or for municipalities or regional 
authorities. They have a structured schedule by route. 

Bus types and bus operators are at least as diverse as is the case for 
trucks, possibly more so. The above four are the dominant for-hire pas-
senger operations, but there are others, including the following:

• school buses;
• shuttle buses belonging to any industry sector required to trans-

port people as part of its service (e.g., airports, hotels, retirement 
homes, canoe liveries);7 

• buses operated by private companies that transport employees 
between work sites or work locations;

• buses operated by municipalities and units of government that 
transport clients, prisoners, and workers; and

• buses operated by churches and other social service organizations.

Types of Buses

Types of buses driven in the United States include the following:

• School buses are specifically designed to transport school students.
• Motorcoaches are operated by bus companies running scheduled 

7 If a shuttle bus is big enough (seating for nine or more occupants, including the driver), 
it falls under HOS regulations.
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and tour and charter services and are used to convey passengers 
between cities.

• Transit buses are used to provide local transportation services.
• Van-based buses, such as shuttle buses, are used by companies or 

organizations for transporting people.

Employer

Most transit bus drivers work for local governments or urban transit 
systems, which are private companies that contract with a city or town 
to provide bus service. Most charter bus drivers work in the charter bus 
industry. Intercity bus drivers typically work in the interurban and rural 
bus transportation industry. School bus drivers and special-client bus 
drivers are usually employed by a school district or private transportation 
company that contracts with a district to provide bus service. Some school 
bus services are provided by the local government. 

Size of Fleet

As in the trucking industry, the firm size of bus carriers varies, from 
large intercity carriers that operate a fleet of buses to small charter/tour 
carriers operated as a family business. Although not large in number, 
some large school bus operators provide service under contract with 
school districts, while some school districts operate their own buses. 

WORKING CONDITIONS AND PAY OF A BUS DRIVER

According to the Bureau of Labor Statistics, about one-half of all bus 
drivers worked full-time in 2012. The rest either worked part-time or had 
variable schedules. Most school bus drivers work only when school is in 
session. Some make multiple runs if the schools in their district open and 
close at different times. Others make only two runs, one in the morning 
and one in the afternoon, so their work hours are limited. Transit drivers 
may work weekends, late nights, and early mornings. Charter or tour bus 
drivers travel with their vacationing passengers. Driver hours are dictated 
by a tour schedule, and drivers may work all hours of the day, as well as 
weekends and holidays. Some intercity bus drivers have long-distance 
routes, so they spend some nights away. Other intercity bus drivers make 
a round trip and return home at the end of each shift.

The median annual wage for transit and intercity bus drivers, which 
includes charter bus drivers, was $36,600 in May 2012. The lowest-paid 
10 percent earned less than $21,320, and the highest-paid 10 percent 
earned more than $59,480. The corresponding median annual wage of 
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school or special client bus drivers was $28,080, with the lowest-paid 
10 percent earning less than $17,610 and the highest-paid 10 percent earn-
ing more than $43,560.

ATTITUDES IN THE TRUCKING AND BUS INDUSTRIES 
TOWARD FATIGUE AND HEALTH AND WELLNESS PROGRAMS

The trucking and bus industries are playing a significant role in mov-
ing freight and people across the country, but safety remains an issue. In 
2013, there were 3,541 fatal crashes involving large trucks in which 3,964 
people were killed. The analogous statistics for fatal crashes involving a 
bus in 2013 are 280 and 310, respectively (U.S. Department of Transporta-
tion, 2013). Beyond loss of life, fatal crashes result in economic losses to 
the truck and bus companies and to society more generally. 

Driver fatigue is one of many factors that contribute to crashes. How 
serious is the problem of fatigue in the bus and trucking industry? Esti-
mates from police accident report-based databases, such as the General 
Estimates System and the Fatality Analysis Reporting System (FARS), 
suggest that fatigue plays a role in 1 to 2 percent of fatal crashes involving 
trucks and buses annually. However, these estimates are generally known 
to be underestimates because driver fatigue is difficult to detect. In 1990, 
the National Transportation Safety Board conducted in-depth investiga-
tions of 182 fatal-to-driver large-truck crashes and found fatigue to be a 
principal cause in 31 percent of these cases (56 of 182 crashes) (National 
Transportation Safety Board, 1990). Among all the factors investigated, 
fatigue turned out to be the most common cause. This 31-percent statistic 
should not be generalized to larger crash populations, such as “all fatal 
truck crashes” or “all truck crashes.” Nonetheless, it shows the impor-
tance of fatigue-related crashes for commercial drivers. 

Putcha and colleagues (2002) analyzed FARS data looking for fatal 
crashes in which bus drivers were involved during the period 1995-
1999. The five cases they found that were attributed to bus driver fatigue 
occurred in 1997, 1998, and 1999. In percentage terms, 0.3 percent of the 
bus drivers involved in fatal crashes during the 5-year period were coded 
as drowsy, fatigued, or asleep, which can be considered an underestimate 
for the reason mentioned above. One of the first studies of fatigue among 
bus drivers was conducted by Mackie and Miller (1978). Their most sig-
nificant finding was that bus drivers who operate on irregular schedules 
suffer greater subjective fatigue and physiological stress relative to drivers 
operating on a regular schedule. A further description of studies investi-
gating the linkage between driver fatigue and highway safety, including 
their limitations, is included in Chapter 7. 

Efforts have been made over time to educate stakeholders in the 
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trucking and bus industries on the issue of driver fatigue and the impor-
tance of the health and wellness of CMV drivers. An outreach and com-
munication program initiated in 1996, a collaborative effort of the Federal 
Highway Administration’s Office of Motor Carriers and Highway Safety 
and the American Trucking Associations, educated drivers and truck and 
bus companies about the risks of and the countermeasures for driver 
fatigue. The program arrived at a crucial finding: “if a driver’s lifestyle 
could be focused on health, wellness, and fitness, it would be a precursor 
to overall safety consciousness” (Krueger, 2010b, p. 3). Efforts by other 
agencies, such as the Centers for Disease Control and Prevention and the 
National Institute for Occupational Health and Safety (NIOSH), either 
through research studies or conferences, have likewise made the point 
that the occupational health of CMV drivers is a central issue in highway 
safety. 

It can safely be said that there is industry-wide acceptance that fatigue 
is an issue. Big trucking fleets take proactive approaches to improve 
their safety figures by formulating various health and wellness programs 
based on internal research and evaluation. Regarding bus companies, 
 Greyhound has a fatigue management initiative based on input received 
from focus groups made up of drivers, operations managers, and safety 
directors throughout the industry. Independent owner-operators are left 
to their own devices and the North American Fatigue Management Pro-
gram serves as an information source for them. Chapter 8 describes the 
various initiatives of particular carriers, FMCSA, and industry associa-
tions with regard to fatigue management and health and wellness pro-
grams. Chapter 11 addresses how to evaluate the effectiveness of a web-
based approach to education. 

DEMOGRAPHIC AND HEALTH INFORMATION 
ON TRUCK AND BUS DRIVERS

As noted in Chapter 1, demographic and anthropometric information 
on truck and bus drivers is needed to examine the relationship between 
hours of service (or hours of sleep) and crash frequency. In examining this 
relationship, various confounders must be kept in mind. For example, the 
relationship could be considerably different for young and old drivers. 
Also, it is important to know various medical and psychological charac-
teristics of the drivers, including whether they suffer from medical condi-
tions (e.g., obstructive sleep apnea [OSA]); whether they take prescribed 
medicines, many of which can make one drowsy; and whether they have 
a propensity for risky driving.

Obtaining demographic information on the truck driver population 
is difficult as there have been no censuses of truck drivers, and the sur-
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veys that have been conducted have by their design either excluded or 
underrepresented portions of the universe of truck drivers. Considerable 
information is available on drivers for most of the large carrier fleets. 
Also, the Owner-Operator Independent Drivers Association (OOIDA) has 
been conducting a biennial survey of its members since 1998. As is clear 
from its name, OOIDA focuses on owner-operators, so the information 
it collects excludes drivers that are employed by carriers. The drivers 
on whom these data are collected operate mainly tractor-semitrailers, 
which are almost all three-axle or larger trucks. The most salient feature 
of OOIDA members is that they are small carriers and probably operate 
a large number of TL loads. 

According to OOIDA’s 2012 membership profile, 97 percent of 
owner-operators are male, their mean age is 55, and 48 percent live in 
rural areas with populations of less than 5,000. Their average height is 
5’11”, their average weight is 221 pounds, and their average body mass 
index (BMI) is 31. Twenty-nine percent have no medical insurance. Their 
mean net income is $55,367. They drive an average of 110,000 miles per 
year. Forty-seven percent are away from home more than 200 nights 
per year. Twenty-nine percent believe their medical plan covers sleep 
apnea, and 6 percent are receiving treatment for that condition (OOIDA 
Foundation, 2015). As seen in Table 2-1, there were more than 500,000 
active truck carriers as of October 2014. Carriers with 1 to 3 trucks make 
up about 75 percent of motor carriers but operate only 13 percent of all 
trucks, while those motor carriers with 50 or more trucks account for 
50 percent of all trucks. Also, there are some very large carriers with 
thousands of trucks, and while they are small in number, they employ a 
large number of truckers. Therefore, the demographic information from 
the OOIDA membership profile provides information for a relatively 
small percentage of truck drivers.

With respect to anthropometric information on truck drivers, some 
information on the general health of truck drivers was collected in a 
survey sponsored in late 2010 by NIOSH and carried out by Westat. The 
sample design randomly selected 1,670 truck drivers at randomly selected 
truck stops along randomly selected limited-access highway segments. 
Truck drivers were defined as people for whom truck driving was their 
main occupation. In addition, this survey was restricted to those driving 
trucks with three or more axles. Furthermore, the drivers had to have 
driven a heavy truck 12 months or longer and had to have taken at least 
one mandatory 10-hour rest period away from home during each deliv-
ery run. Eligibility was established in a preliminary interview, and 1,265 
 drivers completed the full survey. The findings indicated that 69 percent 
were obese, with 17 percent of all respondents being morbidly obese. 
Fifty-one percent smoked, 14 percent were diabetic, and 38 percent were 
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not covered by health insurance. Twenty-seven percent admitted to sleep-
ing on average less than 6 hours a night. 

With regard to information on sleep received by truck and bus  drivers, 
survey estimates are available from a poll of transportation workers con-
ducted by the National Sleep Foundation in 2012 to understand their sleep 
habits and work performance. The poll was conducted among pilots, train 
operators, truck drivers, bus/limousine/taxi drivers, and a control group. 
Among the respondents were 203 truck drivers (mainly short-haul driv-
ers employed by a company) and 116 bus drivers. Of these, 19 percent of 
truck drivers and 18 percent of bus/limousine/taxi drivers reported get-
ting less sleep than needed.8 These figures were considerably below what 
was reported by pilots and train operators. As noted earlier, not getting 
adequate sleep at night causes daytime sleepiness, which results in taking 
naps during workdays. Fully 42 percent of truck drivers and 53 percent of 
bus/limousine/taxi drivers reported taking naps on workdays. The aver-
age number of naps per day (average amount of time napping) taken by 
truck drivers was 3.4 (43.5 minutes) and by bus/limousine/taxi  drivers 
was 3.5 (42.1 minutes). The survey also included items on sleep dis orders. 
Eleven percent of truck drivers and 10 percent of bus/limousine/taxi 
 drivers reported ever being diagnosed with a sleep disorder, with the 
majority (more than 80%) reporting that disorder to be OSA.

8 Respondents were asked to compare the hours of sleep they needed according to survey 
workers with the hours of sleep they were actually getting on workdays. On the basis of the 
responses, the proportions of those getting (1) more sleep than needed, (2) sufficient sleep, 
and (3) less sleep than needed on workdays were calculated. 
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The effect of fatigue on commercial motor vehicle (CMV) drivers is an 
important public safety issue. The National Transportation Safety 
Board has identified fatigue as a probable cause or a contributing 

factor in incidents and accidents across all modes of transportation. It is 
important to understand how fatigue affects performance and the impli-
cations of these effects for highway safety.1 

Safe motor vehicle operation requires, among other things, the abil-
ity to stay awake and sustain maintenance of stable vigilance, situa-
tional awareness, and appropriately timed psychomotor and cognitive 
responses. However, these are the neurobehavioral functions affected 
most immediately and profoundly by work-hour fatigue and insufficient 
sleep. As noted in Chapter 1, fatigue refers to increasing performance 
variability, instability in behavioral alertness, and decreasing vigilance 
due to continued time on task without breaks (Lim et al., 2010; Neri et 
al., 2002) or insufficient sleep (Basner and Dinges, 2011; Lim and Dinges, 
2008). The contribution of insufficient sleep to performance deficits in 
CMV driving is a reasonable concern given the scientific evidence that 
obtaining sufficient sleep is essential for optimal performance of tasks 
central to operating a motor vehicle safely (Banks and Dinges, 2007; Lim 
and Dinges, 2008, 2010). 

1 This chapter deals with fatigue and not distraction, which is also a common reason for 
highway crashes. Fatigue and distraction can be interactive. For more information on dis-
traction, see Thiffault (2011). 

3

Consequences of Fatigue 
from Insufficient Sleep

43
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Population studies have found that Americans reduce their sleep time 
primarily in favor of work time, commute time, and leisure time, in that 
order of importance (Basner and Dinges, 2009; Basner et al., 2007, 2014). 
As noted in Chapter 1, insufficient sleep is currently defined as sleeping 
less than 7 hours per day (Ford et al., 2015; Watson et al., 2015a, 2015b). 
This number derives from two sources. The first is randomized controlled 
laboratory experiments that systematically varied the duration of sleep 
obtained by healthy adults every day for 1 to 2 weeks, from 3 to 9 hours, 
while measuring a range of neurobehavioral performance functions each 
day (Belenky et al., 2003; Van Dongen et al., 2003a). Cumulative deficits 
in psychomotor speed and vigilance lapses were observed when sleep 
was below 7 hours per day, in accordance with the current definition of 
insufficient sleep. Importantly, the rate of performance deterioration was 
inversely related to the daily dose of sleep (i.e., the less sleep obtained 
per day, the more rapidly these deficits increased). Moreover, dividing 
the sleep into two periods each day (e.g., nocturnal sleep and daytime 
nap) did not have adverse effects on performance until the total time for 
sleep each day was below 7 hours (Mollicone et al., 2007, 2008), except 
that deficits when there was a nighttime circadian pressure for sleep did 
reveal performance deficits from not having a continuous sleep time 
 (Mollicone et al., 2010). 

There is some evidence of a (partially determined) genetically based 
difference among individuals as to sleep need, resistance to sleep depri-
vation, and circadian phase preference for sleep (see, for example, Goel 
et al., 2010; He et al., 2009; Pellegrino et al., 2014). However, the link-
age between differences in phenotypic sleep need and vulnerability to 
sleep loss are not yet well enough understood neurobiologically to permit 
reliable prediction of behavioral risk. At this point, moreover, it is not 
possible to make use of genetic information to set more individualized 
hours-of-service (HOS) regulations. Therefore, this report makes no fur-
ther mention of this issue.

WORK-RELATED INSUFFICIENT SLEEP IN 
COMMERCIAL MOTOR VEHICLE DRIVERS

Chronic insufficient sleep due to sleeping less than 7 hours per day 
results in a “sleep debt” (Van Dongen et al., 2003b) that gradually accrues 
over time, resulting in a greater tendency or propensity to fall asleep 
unintentionally (McKnight-Eily et al., 2009; Punjabi et al., 2003), and is 
associated with more reports of greater drowsiness when driving (Abe et 
al., 2012; Scott et al., 2007). Sleep debt can be reduced only by extending 
sleep time for recovery. Stimulants, such as caffeine, nicotine, and other 
drugs used to promote wakefulness, can increase arousal and transiently 
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improve performance in fatigued individuals, but their effects are limited, 
and those who take them do not recover their sleep debt because there 
are no chemical substitutes for sleep (Bonnet, 2005; Spaeth et al., 2014). 

Individuals who obtain less than 7 hours of sleep per day because 
of work and other activities typically sleep longer on nonworkdays to 
recover the sleep debt (Basner et al., 2014). This appears to be the case 
for CMV drivers as well. In the past 10 years, three naturalistic  studies 
of CMV drivers have used wrist actigraphy devices to record objectively 
drivers’ sleep times and sleep durations per 24 hours, on duty and non-
duty days (Dinges et al., 2005b; Hanowski et al., 2007; Van Dongen and 
Mollicone, 2014). These studies revealed that the amount of sleep obtained 
by the drivers on workdays averaged 5.0 to 6.2 hours per 24 hours, while 
their sleep on off-duty days averaged 6.5 to 8.9 hours per day. In all three 
studies, the differences in sleep time on work- versus nonworkdays were 
statistically significant, and in all three, drivers’ workday sleep durations 
averaged below 6.3 hours per day, an amount of daily sleep time con-
sidered insufficient for health (Watson et al., 2015a, 2015b). Thus, these 
studies suggest that on average, CMV drivers accumulate some degree of 
sleep debt due to insufficient sleep on workdays, and that they attempt to 
reduce that debt by sleeping 1-2 hours longer on off-duty days—a behav-
ioral pattern of many adult Americans (Basner et al., 2014). Laboratory 
evidence indicates that a compensatory increase in sleep duration (i.e., 
being able to sustain sleep for a longer period of time) following 5 nights 
of sleep restriction occurs on 1 or more recovery nights in response to 
insufficient sleep (Banks et al., 2010). It is not known whether repeatedly 
cycling between 5-7 days of reduced sleep time per day and 1-2 days of 
extended (recovery) sleep has consequences for health and safety. Even if 
this pattern makes it possible for drivers to recover from workweek sleep 
debt, inadequate sleep during a workweek carries risks, as described 
below.

Fatigue from Inadequate Sleep

Studies have repeatedly shown that fatigue most often occurs as a 
result of the physiological consequences of inadequate sleep, prolonged 
wakefulness, and being awake at a circadian time when the brain is 
programmed to sleep. (The circadian nadir in alertness typically occurs 
between 11 PM and 7 AM, but can vary among individuals by a few 
hours, depending on habitual sleep timing.) These factors can co-occur 
to amplify the adverse effects of fatigue on performance and behavior. 

Inadequate sleep also can result from lack of treatment of common 
medical conditions such as insomnia and sleep apnea, both of which have 
a high prevalence in the general population, although their frequencies 
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in CMV drivers are not well established. Chronic insomnia is defined as 
the subjective perception of difficulty with sleep initiation, duration, con-
solidation, or quality that occurs despite adequate opportunity for sleep, 
and that results in some form of daytime impairment (Schutte-Rodin et 
al., 2008). Insomnia has been linked to lost work time and workplace 
accidents (Kucharczyk et al., 2012; Leger and Baron, 2010). If untreated, 
sleep apnea can result in excessive daytime sleepiness and risks to safety, 
especially when one is driving. 

Sleep loss has a wide range of adverse effects on cognitive domains 
and neurobehavioral functions. These effects include (1) unstable atten-
tion, evident in both errors of omission (i.e., failure to respond in a timely 
manner to a stimulus) and errors of commission (i.e., responses when no 
stimulus or the wrong stimulus is present), as well as increased decre-
ments in vigilance; (2) slowing of cognitive and psychomotor response 
times; (3) decline of both short-term and working memory performance; 
(4) reduced learning (acquisition) of cognitive tasks; (5) deterioration 
of performance in tasks requiring divergent thinking; (6) perseveration 
with ineffective solutions; (7) performance deterioration as task duration 
increases; and (8) growing neglect of activities judged to be nonessential 
(Goel et al., 2009).

Sleep Dose-Response Studies

Results of controlled laboratory experiments indicate that the effects 
of chronic sleep restriction are especially apparent when sleep is restricted 
to less than 7 hours a night (Belenky et al., 2003; Dinges et al., 1997; Van 
Dongen et al., 2003a). In these studies, performance deficits increased 
steadily across consecutive days of sleep restricted to less than 7 hours, 
and the less sleep was obtained per night, the more rapidly the per-
formance deficits increased across days of sleep restriction. Within 5 to 
6 days of sleep restricted to less than 7 hours, decrements in behavioral 
alertness increased to levels equivalent to having had no sleep at all for 
24 to 48 hours (Van Dongen et al., 2003a, 2003b). 

Sleep Propensity

In studies of sleep duration relative to daytime sleep propensity (i.e., 
the physiological tendency to fall asleep) and drowsy driving, adults 
reporting sleep durations of 6.75 to 7.5 hours and of less than 6.75 hours 
had a 27-percent and 73-percent increase, respectively, in the risk of sleep 
onset during the sleep propensity test compared with adults reporting 
more than 7.5 hours of sleep (McKnight-Eily et al., 2009; Punjabi et al., 
2003). Studies also have shown that motor vehicle crash risk increases 
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when self-reported sleep duration is less than 6 hours per day (Abe et al., 
2012; Scott et al., 2007). A recent cross-sectional survey of drivers found an 
association between self-reported sleep duration of less than 7 hours per 
day and at least one self-reported incident of falling asleep while driving 
during the prior year.

Self-Reported Measures of Sleepiness and Fatigue

Dose-response studies on the adverse effects of sleep restriction on 
attention and performance have shown that self-reported sleepiness or 
fatigue does not continue to increase with chronic sleep restriction, but 
rather achieves a maximum at levels that do not reflect actual perfor-
mance risks. Therefore self-reported sleepiness and fatigue may not reli-
ably reflect increasing performance risks. 

Sleep Inertia

Sleep inertia refers to a performance deficit that occurs upon awaken-
ing from sleep and that involves grogginess and a tendency to fall back 
asleep (Dinges, 1990). Although extended wakefulness without sleep can 
increase performance lapses, and sleep can reduce these effects, perfor-
mance can be degraded by sleep inertia during the period immediately 
after awakening from sleep (for up to 2 hours, depending on the severity 
of prior sleep deprivation) (Dinges, 1990; Jewett et al., 1999). The more 
severe cognitive deficits of sleep inertia can be blocked by ingesting caf-
feine (Hayashi et al., 2003; Van Dongen et al., 2001).

Alcohol as a Contributing Factor

The fact that alcohol can impact the degree to which insufficient 
sleep affects a driver is becoming increasingly better understood. Alcohol 
appears to heighten the degree to which insufficient sleep impairs perfor-
mance. (For further information, see Akerstedt et al., 2008.)

METHODS FOR REDUCING FATIGUE

Fatigue management in operational environments in general and in 
transportation modalities in particular is a major priority in many parts of 
the world, and the focus of a growing amount of human factors research 
(Abe et al., 2015). Countermeasures for fatigue are a special area of focus 
in fatigue management.2 

2 For an overview of fatigue countermeasures, see Williamson and Friswell (2013). 
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Chemical Countermeasures

The stimulant most commonly used as a fatigue countermeasure by 
many people, including CMV drivers, is caffeine, which acts pharmaco-
logically to enhance alertness. Research has shown that caffeine has alert-
ing effects and increases performance levels in the short term, especially 
in those who do not consume high doses on a regular basis (Nehlig, 1999; 
Neri et al., 1995). Caffeine affects the nervous system within 15-20 minutes, 
and its alerting effects can last for 4 to 5 hours, depending on the biological 
rate at which an individual clears it. However, research on the extent to 
which caffeine can maintain performance as sleep deprivation continues 
over days has revealed that caffeine can be ineffective for maintaining 
alert levels of performance as time awake extends past 16 hours and in 
individuals with high sleep debt (Spaeth et al., 2014).

Although CMV drivers may consume caffeinated foods and bever-
ages, as well as ingest nicotine, then, it is important to reiterate that there 
is no biological substitute for sleep (Bonnet et al., 2005). The only way to 
recover effectively from sleep loss is to obtain adequate recovery sleep 
through a prolonged daily sleep period and the strategic use of naps (see 
below). Extensive evidence shows that sleep is the only reliable, natural, 
effective countermeasure for mitigating the neurobehavioral deficits due 
to sleep loss (Banks et al., 2010; Dinges et al., 1987; Mollicone et al., 2007, 
2008; Rogers et al., 2003; Van Dongen et al., 2001).

Napping

A great deal of research conducted in both laboratory and operational 
settings has found that naps are an effective way to restore alertness and 
counter sleepiness when the time available for sleep is limited (see, e.g., 
Bonnet, 1991; Brooks and Lack, 2006; Costa, 1997; Driskel and Mullen, 
2005; Lavie, 1986; Rosekind et al., 1994; Schweitzer et al., 1992; Tilley et 
al., 1982). Naps taken both prior to (i.e., “prophylactic” naps) and during 
(i.e., “power” naps) work periods have been found to improve alertness 
and performance relative to not napping (Bonnet, 1991; Dinges et al., 1987; 
Schweitzer et al., 1992). Moreover, a meta-analysis of 12 studies found that 
naps led to performance improvements that were directly proportional to 
nap duration (Driskell and Mullen, 2005). Other studies also have found a 
nap dose-response benefit (Bonnet, 1991; Brooks and Lack, 2006). 

To maximize the beneficial effects of naps on performance and physi-
ological alertness, aspects of nap timing must be considered. Daytime 
naps are typically difficult to initiate and maintain because this is the time 
at which the circadian clock is programming daytime alertness (Costa, 
1997; Lavie, 1986; Tilley et al., 1982). During the afternoon “siesta” period, 



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

CONSEQUENCES OF FATIGUE FROM INSUFFICIENT SLEEP 49

however, it is typically easier to initiate sleep in preparation for an upcom-
ing night shift. Naps taken during the nighttime when the circadian clock 
is programming sleepiness are easier to maintain and show the most 
beneficial effects (Dinges, 1986). For example, a 1-hour nap at 4:30 AM 
was found to be more beneficial for next-day performance than a 1-hour 
nap at 9 PM (Gillberg, 1984). It is important to keep in mind that when 
awakening from naps taken during the circadian low point, individuals 
may experience a significant period of sleep inertia, or a feeling of grog-
giness, upon awakening, accompanied by decrements in performance. 

Activity Breaks

People generally do not think of an activity break as an effective 
way to combat fatigue. However, research has shown that short breaks, 
especially when they include some physical activity, increase alertness 
by reducing the monotony of a task. The beneficial effects of breaks are 
due in part to postural changes that occur when one gets up and walks 
around (Caldwell et al., 2003; Dijkman et al., 1997; Heslegrave and Angus, 
1985; Matsumoto et al., 2002). Studies have shown that short-term physi-
ological and subjective alertness benefits lasting up to 15-30 minutes can 
be associated with activity breaks. However, performance on a test that 
is very sensitive to sleep loss (i.e., a psychomotor vigilance test) indicated 
no significant benefit of breaks (Neri et al., 2002). The beneficial subjective 
and physiological effects of the breaks were most pronounced around the 
low point in body temperature (i.e., the window of circadian low [Neri 
et al., 2002]). 

Exercise

As suggested above, periods of light-to-moderate exercise have been 
shown to increase physiological arousal and help promote alertness 
 (Buxton et al., 2003; Eastman et al., 1995; Horne and Foster, 1995; LeDuc 
et al., 2000; Stepanski and Wyatt, 2003). The beneficial effects of moderate 
exercise on subjective sleepiness have been shown to last up to 30 minutes 
(LeDuc et al., 2000), but improvements in objective performance have not 
been observed. 

CONCLUSION

The extent to which CMV drivers utilize countermeasures for fatigue 
during their routine work schedules is unknown. The few studies that 
have monitored their sleep times objectively have found a considerable 
difference in their sleep on workdays and on days off duty. On workdays, 
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they appear to obtain on average 6-6.5 hours per day, at the low end of 
what is considered sufficient sleep to maintain daily alertness and health. 
The additional sleep they obtain on days off duty (7-8.5 hours) suggests 
they are compensating for a cumulative sleep debt from the prior work 
week. The extent to which CMV drivers use naps, caffeine, nicotine, rest 
breaks, and exercise to mitigate their fatigue when working is unknown. 
Also unknown is whether their sleeping arrangements during work peri-
ods promote healthy physiological sleep continuity and duration, which 
are essential for optimizing waking alertness. Research is needed that 
can provide realistic estimates of the extent to which drivers are utilizing 
the above countermeasures, and the extent to which their use of those 
counter measure facilitates alertness and performance.
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An important way in which the Federal Motor Carrier Safety 
Administration (FMCSA) tries to reduce crashes, injuries, and 
fatalities involving large trucks and buses is by issuing and enforc-

ing hours-of-service (HOS) regulations for property- and passenger- 
carrying commercial motor vehicle (CMV) drivers in the United States. 
HOS regulations specify the maximum number of hours that truck and 
bus drivers are allowed to work in a 24-hour day or a 7-day week. The 
hope is that limiting the number of hours that CMV drivers are allowed 
to be on duty gives them the time to acquire sufficient rest, and by doing 
so reduces fatigue-related crashes. The regulations serve two purposes: 
(1) they limit time on task, and (2) they allow for periods of rest and sleep. 
This chapter provides a brief description of HOS regulations in the United 
States. It also describes HOS regulations in Canada and Mexico, since 
trucks and buses from these countries routinely enter the United States 
and vice versa, and HOS regulations in these countries can therefore be 
compared with those in the United States. 

BACKGROUND

The first HOS regulations for interstate commercial drivers were 
issued in 1938 by the Interstate Commerce Commission (ICC), which 
was then the relevant regulatory agency. The ICC issued the regulations 
because it understood that the industry’s operations generated safety 
concerns among the public, and the existing regulatory framework was 

4

Hours-of-Service Regulations
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falling short in addressing those concerns. The ICC subsequently modi-
fied its HOS regulations in 1939, 1962, and 1963, after which the regula-
tions remained unchanged until 2003. In 1995, the ICC was abolished, and 
in the same act, Congress directed the Federal Highway Administration 
(FHWA) to establish new regulations incorporating the latest scientific 
knowledge about human fatigue and alertness.1 The 1999 Motor Carrier 
Safety Improvement Act led to the creation of FMCSA and established 
safety as the new agency’s highest priority. In 2003, FMCSA published 
new regulations that reflected the congressional directive, which were 
then revised in 2011. The regulations specify maximum on-duty time, 
minimum off-duty time, and maximum total driving hours. They also 
outline the manner in which a driver can utilize off-duty time to incorpo-
rate rest, which includes breaks from work and time for sleep. 

DEFINITIONS

Duty Cycle

Duty cycle, in this context, refers to a day-like period of maximum 
on-duty time followed by minimum off-duty time, which may or may not 
sum to 24 hours. Thus, for example, if the maximum on-duty time were 
12 hours and the minimum off-duty time were 10 hours, a “day” could 
restart after 22 hours, and a driver could do this until weekly  limits had 
been reached. When the duty cycle differs from 24 hours, there is clearly 
some misalignment with the driver’s circadian clock. A duty cycle dif-
fered from 24 hours until recently, when, to provide for circadian align-
ment, FMCSA set it to 24 hours. The term is sometimes also applied to 
limitations on the number of hours that can be spent driving in a 7- or 
8-day period.

On-Duty Time

On-duty time refers to the time during which the driver is working, 
which encompasses driving, loading, and unloading. The HOS regula-
tions set limits on on-duty and driving time:

• On-duty limit refers to the maximum amount of total duty time 
in a 24-hour duty cycle and a 7-day period that is allowed. 

• Driving limit is the maximum amount of total driving time 
between two off-duty periods that is allowed.

1 Interstate Commerce Commission Termination Act. See http://www.gpo.gov/fdsys/
pkg/PLAW-104publ88/html/PLAW-104publ88.htm [March 2016]. 
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Off-Duty Time

Off-duty time refers to the time during which the driver is not per-
forming any work related to his or her job:

• Off-duty limit refers to the minimum number of hours that a 
driver must be off duty in a 24-hour duty cycle given that the 
driver is on duty for the maximum number of hours allowed by 
the HOS regulations. 

• Rest breaks consist of the off-duty time that a driver utilizes 
for purposes of resting. In the United States, a rest break is a 
30-minute period of time. 

• Sleeper berth provision: If a truck has a sleeper berth (which 
should meet safety requirements), a driver can use the sleeper 
berth to rest during the off-duty period. The sleeper berth provi-
sion under the HOS regulations allows drivers some flexibility in 
how they utilize their off-duty time.2 

In addition, the HOS regulations include a restart provision that 
requires drivers who drive the maximum number of allowable hours to 
restart their weekly duty cycle after being off duty for a certain number 
of hours. 

PREVIOUS AND CURRENT HOURS-OF-SERVICE REGULATIONS

Table 4-1 summarizes the HOS regulations enforced by the ICC until 
1995 and then by FMCSA starting in 1999. 

The ICC and FMCSA also placed limitations on the maximum num-
ber of hours a CMV driver is allowed to drive in a weekly duty cycle. The 
HOS regulations from 1938 to 1962 allowed drivers to drive for 60 hours 
in a 7-day period or 70 hours in an 8-day period. The 2003 HOS regula-
tions increased the maximum driving hours to 77 hours in a 7-day period 
or 88 hours in an 8-day period, while the 2011 regulations reverted back 
to 60 or 70 hours in a 7- or 8-day period, respectively.

Table 4-1 reveals that there has been little change in the distribution 
of off-duty minimums and on-duty maximums in almost 80 years. The 
regulations of 1962, 1963, and 2003 required drivers to work in a cycle of 
work (driving time) and rest (off duty) that was less than 24 hours (i.e., an 
18-hour rotation in 1962-1963 and a 21-hour rotation in 2003). Such duty 
cycles ignored the nondriving tasks performed by drivers while on duty, 

2 For more details on the sleeper berth provision, see https://www.fmcsa.dot.gov/regula-
tions/title49/section/393.76 [March 2016].



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

54

T
A

B
L

E
 4

-1
 H

ou
rs

-o
f-

Se
rv

ic
e 

R
eg

u
la

ti
on

s

E
n

fo
rc

em
en

t 
Ye

ar

M
in

im
u

m
 

D
u

ty
 C

yc
le

 
(h

ou
rs

)

O
n

-D
u

ty
 

M
ax

im
u

m
 

(h
ou

rs
)

D
ri

vi
n

g 
M

ax
im

u
m

 
(h

ou
rs

)

O
ff

-D
u

ty
 

M
in

im
u

m
 

(h
ou

rs
)

Sl
ee

p
er

 B
er

th
 P

ro
vi

si
on

R
es

ta
rt

 P
ro

vi
si

on

19
38

24
15

12
 9

N
on

e
N

on
e

19
39

24
R

es
ci

n
d

ed
10

 8
C

an
 s

p
li

t 
8 

h
ou

rs
 o

f 
of

f-
d

u
ty

 t
im

e 
in

to
 t

w
o 

p
er

io
d

s.
N

on
e

19
62

18
15

10
 8

C
an

 s
p

li
t 

8 
h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 t
w

o 
p

er
io

d
s 

p
ro

vi
d

ed
 n

ei
th

er
 i

s 
le

ss
 

th
an

 2
 h

ou
rs

 l
on

g.

N
on

e

19
63

18
15

10
 8

C
an

 s
p

li
t 

8 
h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 t
w

o 
p

er
io

d
s 

of
 4

 h
ou

rs
 e

ac
h

.

N
on

e

20
03

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)a

21
14

11
10

C
an

 s
p

li
t 

10
 h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 p
er

io
d

s 
of

 a
t 

le
as

t 
2 

h
ou

rs
.

R
es

ta
rt

 w
ee

kl
y 

on
-d

u
ty

 
h

ou
rs

 a
ft

er
 3

4 
co

n
se

cu
ti

ve
 

h
ou

rs
 o

ff
 d

u
ty

; o
n

-d
u

ty
 

ti
m

e 
li

m
it

 i
s 

60
 h

ou
rs

 i
n

 7
 

d
ay

s 
or

 7
0 

h
ou

rs
 i

n
 8

 d
ay

s.

20
11

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)b

24
14

11
10

8 
co

n
se

cu
ti

ve
 h

ou
rs

 i
n 

sl
ee

p
er

 b
er

th
, p

lu
s 

a 
se

p
ar

at
e 

2 
co

n
se

cu
ti

ve
 

h
ou

rs
 e

it
h

er
 i

n
 s

le
ep

er
 

be
rt

h
, o

ff
 d

u
ty

, o
r 

a 
co

m
bi

n
at

io
n

 o
f 

th
e 

tw
o.

T
h

e 
34

 h
ou

rs
 o

ff
 d

u
ty

 m
u

st
 

in
cl

u
d

e 
tw

o 
p

er
io

d
s 

fr
om

 1
 

A
M

 t
o 

5 
A

M
; u

se
 o

f 
re

st
ar

t 
p

ro
vi

si
on

 l
im

it
ed

 t
o 

on
ce

 a
 

w
ee

k.

20
11

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
bu

s 
d

ri
ve

rs
)

24
15

10
N

ot
 

ap
p

li
ca

bl
e

Sa
m

e 
as

 a
bo

ve
N

ot
 a

p
p

li
ca

bl
e

20
13

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)c  

24
14

11
10

Sa
m

e 
as

 a
bo

ve
Su

sp
en

d
ed

a 4
9 

C
FR

 P
ar

ts
 3

85
, 3

86
, 3

90
.

b S
ee

 h
tt

p:
/

/
w

w
w

.fm
cs

a.
d

ot
.g

ov
/

re
gu

la
ti

on
s/

ru
le

m
ak

in
g/

20
11

-3
26

96
 ; 

ht
tp

s:
/

/
w

w
w

.g
po

.g
ov

/
fd

sy
s/

pk
g/

FR
-2

01
1-

12
-2

7/
ht

m
l/

20
11

-3
26

96
.h

tm
 

[M
ar

ch
 2

01
6]

.
c S

ee
 h

tt
p:

/
/

w
w

w
.fm

cs
a.

d
ot

.g
ov

/
re

gu
la

ti
on

s/
ho

u
rs

-s
er

vi
ce

/
su

m
m

ar
y-

ho
u

rs
-s

er
vi

ce
-r

eg
u

la
ti

on
s 

[M
ar

ch
 2

01
6]

.

SO
U

R
C

E
: A

d
ap

te
d

 f
ro

m
 G

oe
l a

nd
 V

id
al

 (
20

14
, T

ab
le

 1
).



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

 55

T
A

B
L

E
 4

-1
 H

ou
rs

-o
f-

Se
rv

ic
e 

R
eg

u
la

ti
on

s

E
n

fo
rc

em
en

t 
Ye

ar

M
in

im
u

m
 

D
u

ty
 C

yc
le

 
(h

ou
rs

)

O
n

-D
u

ty
 

M
ax

im
u

m
 

(h
ou

rs
)

D
ri

vi
n

g 
M

ax
im

u
m

 
(h

ou
rs

)

O
ff

-D
u

ty
 

M
in

im
u

m
 

(h
ou

rs
)

Sl
ee

p
er

 B
er

th
 P

ro
vi

si
on

R
es

ta
rt

 P
ro

vi
si

on

19
38

24
15

12
 9

N
on

e
N

on
e

19
39

24
R

es
ci

n
d

ed
10

 8
C

an
 s

p
li

t 
8 

h
ou

rs
 o

f 
of

f-
d

u
ty

 t
im

e 
in

to
 t

w
o 

p
er

io
d

s.
N

on
e

19
62

18
15

10
 8

C
an

 s
p

li
t 

8 
h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 t
w

o 
p

er
io

d
s 

p
ro

vi
d

ed
 n

ei
th

er
 i

s 
le

ss
 

th
an

 2
 h

ou
rs

 l
on

g.

N
on

e

19
63

18
15

10
 8

C
an

 s
p

li
t 

8 
h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 t
w

o 
p

er
io

d
s 

of
 4

 h
ou

rs
 e

ac
h

.

N
on

e

20
03

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)a

21
14

11
10

C
an

 s
p

li
t 

10
 h

ou
rs

 o
f 

of
f-

d
u

ty
 t

im
e 

in
to

 p
er

io
d

s 
of

 a
t 

le
as

t 
2 

h
ou

rs
.

R
es

ta
rt

 w
ee

kl
y 

on
-d

u
ty

 
h

ou
rs

 a
ft

er
 3

4 
co

n
se

cu
ti

ve
 

h
ou

rs
 o

ff
 d

u
ty

; o
n

-d
u

ty
 

ti
m

e 
li

m
it

 i
s 

60
 h

ou
rs

 i
n

 7
 

d
ay

s 
or

 7
0 

h
ou

rs
 i

n
 8

 d
ay

s.

20
11

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)b

24
14

11
10

8 
co

n
se

cu
ti

ve
 h

ou
rs

 i
n 

sl
ee

p
er

 b
er

th
, p

lu
s 

a 
se

p
ar

at
e 

2 
co

n
se

cu
ti

ve
 

h
ou

rs
 e

it
h

er
 i

n
 s

le
ep

er
 

be
rt

h
, o

ff
 d

u
ty

, o
r 

a 
co

m
bi

n
at

io
n

 o
f 

th
e 

tw
o.

T
h

e 
34

 h
ou

rs
 o

ff
 d

u
ty

 m
u

st
 

in
cl

u
d

e 
tw

o 
p

er
io

d
s 

fr
om

 1
 

A
M

 t
o 

5 
A

M
; u

se
 o

f 
re

st
ar

t 
p

ro
vi

si
on

 l
im

it
ed

 t
o 

on
ce

 a
 

w
ee

k.

20
11

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
bu

s 
d

ri
ve

rs
)

24
15

10
N

ot
 

ap
p

li
ca

bl
e

Sa
m

e 
as

 a
bo

ve
N

ot
 a

p
p

li
ca

bl
e

20
13

 (
ap

p
li

ca
bl

e 
on

ly
 t

o 
tr

u
ck

 
d

ri
ve

rs
)c  

24
14

11
10

Sa
m

e 
as

 a
bo

ve
Su

sp
en

d
ed

a 4
9 

C
FR

 P
ar

ts
 3

85
, 3

86
, 3

90
.

b S
ee

 h
tt

p:
/

/
w

w
w

.fm
cs

a.
d

ot
.g

ov
/

re
gu

la
ti

on
s/

ru
le

m
ak

in
g/

20
11

-3
26

96
 ; 

ht
tp

s:
/

/
w

w
w

.g
po

.g
ov

/
fd

sy
s/

pk
g/

FR
-2

01
1-

12
-2

7/
ht

m
l/

20
11

-3
26

96
.h

tm
 

[M
ar

ch
 2

01
6]

.
c S

ee
 h

tt
p:

/
/

w
w

w
.fm

cs
a.

d
ot

.g
ov

/
re

gu
la

ti
on

s/
ho

u
rs

-s
er

vi
ce

/
su

m
m

ar
y-

ho
u

rs
-s

er
vi

ce
-r

eg
u

la
ti

on
s 

[M
ar

ch
 2

01
6]

.

SO
U

R
C

E
: A

d
ap

te
d

 f
ro

m
 G

oe
l a

nd
 V

id
al

 (
20

14
, T

ab
le

 1
).



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

56 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

and as noted above, they were not aligned with the circadian (24-hour) 
biological cycle regulating sleep and alertness. Between 1963 and 2003, 
FHWA issued two notices of proposed rulemaking, one in 1978 and the 
other in 1992, to change the HOS regulations. However, neither of those 
proposals was finalized. 

FMCSA’s 2003 rulemaking took into account the research done on 
the human need for recovery sleep by introducing the restart provision, 
which, as noted above, allowed drivers to reset their weekly duty cycle. 
These two changes in the 2003 HOS rules, which lengthened the allow-
able number of hours per week to greater than 60 and at the same time 
instituted a restart provision, are somewhat at cross-purposes, since one 
change reduces the potential off-duty time for workdays, while the other 
maintains it for nonworkdays. FMCSA’s 2011 rulemaking changed the 
duty cycle to 24 hours to be consistent with the circadian cycle. It also 
modified the 34-hour restart period to include two consecutive nighttime 
periods (encompassing the time interval from 1 AM to 5 AM each night) 
that a driver was off duty between two weekly duty cycles. This was 
done to increase driver sleep time during circadian and environmental 
night. The 2011 rulemaking also rescinded the flexibility to split sleep 
under the sleeper birth provision so as to discourage drivers from expe-
riencing irregular and shorter periods of sleep. FMCSA indicated that 
the new rules “moved drivers toward a work-rest schedule that more 
closely matched the natural circadian cycle of 24 hours and gave drivers 
the opportunity to obtain the 7 to 8 hours of uninterrupted sleep per day 
that most adults need,” which would be concordant with the discussion 
of driver fatigue and human physiology in Chapters 1 and 3. 

It is obvious from Table 4-1 that truck and bus drivers need to manage 
their time and track their activities to avoid violating the HOS regulations. 
The regulations are promulgated for safety purposes and are applied uni-
formly to both the truck and bus industries. However, the two industries 
are highly segmented and heterogeneous in terms of the demands placed 
on their drivers (see Chapter 2), so the impact of the regulations depends 
on the type of trucking or busing in which a driver is engaged. Therefore, 
to understand the linkages among driving times, driver fatigue, and crash 
risk, both current HOS regulations and drivers’ typical driving schedules 
are among the many factors that need to be accounted for. Part III of this 
report describes the research that has been conducted to investigate those 
linkages. 
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TABLE 4-2 Hours-of-Service Regulations in Other Countries

Country

Minimum 
Duty Cycle 
(hours)

On-Duty 
Maximum 
(hours)

Driving 
Maximum 
(hours)

Off-Duty 
Minimum 
(hours)

Canadaa 24 14 13 8b

Mexico None Up to 3 hours of 
daily overtime (up 
to 9 hours/week)

8 hours (6 AM-8 PM)
7 hours (8 PM-6 AM)
7.5 hours (if two shifts 
in 24 hours)

None

European 
Unionc

24 14.25 10 9

Australiad 24 12 12 7

aDrivers operate on “cycles.” Cycle 1 is 70 hours in a 7-day period. Cycle 2 is 120 hours in 
a 14-day period. A driver who uses Cycle 1 must take off 36 hours at the end of the cycle 
before he or she can restart the cycle again. A driver following Cycle 2 should be off duty 
72 hours before starting on a cycle.
bAn additional 2-hour period of rest that must not be taken in less than 30-minute blocks. 
cThe weekly limit in the European Union is 56 hours.
dThe weekly limit in Australia is 72 hours. 

SOURCE: Adapted from Goel and Vidal (2014, Table 1).

HOURS-OF-SERVICE REGULATIONS IN CANADA AND MEXICO

Regulations for work and rest hours for truck and bus drivers have 
also been promulgated by Canada and Mexico. The combined trade 
relationship among the United States, Canada, and Mexico amounts to 
$1.4 trillion annually, making trucking a major contributor to commerce 
among the three countries. And just as the movement of goods is facili-
tated by trucks, the mobility of persons is facilitated by bus networks 
that enable travel for people from the three countries.3 The regulations 
for Canada and Mexico, as well as Australia and the European Union, are 
summarized in Table 4-2. 

3 Annual data on Border Crossing/Entry of Trucks and Buses from Canada and Mexico, 
U.S. Department of Transportation, Research and Innovative Technology Administration, 
Bureau of Transportation Statistics, based on data from the Department of Homeland Secu-
rity, U.S. Customs and Border Protection, Office of Field Operations.
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A major objective of transportation agencies is to improve road 
safety. Accordingly, data on driver behavior and vehicle perfor-
mance are a vital tool in formulating policies and designing sys-

tems to achieve that objective. The purpose of this chapter is to provide an 
understanding of the wide range of data sources that are potentially avail-
able to researchers for identifying factors that can reduce risk and enhance 
safety in the transportation network. For each source, the strengths and 
limitations of the data are considered, especially with respect to answer-
ing key research questions about fatigue among commercial motor vehicle 
(CMV) drivers. The sources reviewed include crash databases, naturalistic 
driving studies, and driving simulator studies. Both publicly available 
and private resources are described; the latter would require interaction 
with the data holders to be used for research purposes. Also discussed are 
promising data sources in development that have the potential to better 
inform the policy-making process of transportation agencies.

OUTCOMES AND PREDICTORS

Research analyzing the relationships among hours driven, driver 
fatigue, and highway safety has relied on the paradigm of the Haddon 
Matrix (the most commonly used paradigm in the injury prevention field) 
to recognize factors that lead to different safety outcomes (Haddon, 1972). 
Safety outcomes include crashes and noncrashes, while predictors can be 
broadly categorized into driver characteristics, vehicle characteristics, car-

5

Data Sources

61
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rier characteristics, and environmental factors. The data sources described 
below collect information on various aspects of safety outcomes and 
many of their predictors, but there is no single repository of these data-
bases. Also, it is unknown whether there are identifiers in these databases 
that can facilitate linking across different files. This linking is essential 
since one must have information available for each unit of analysis, and 
these units are travel segments for a given vehicle. For each segment, 
therefore, one must have the relevant information on the predictors and 
the outcomes, often crashes, so that the causality of individual factors can 
be analyzed. Having marginal information on a potential causal factor 
does little good since one must know how it varies according to the other 
potential causal factors.

PUBLICLY AVAILABLE COMMERCIAL MOTOR VEHICLE  
CRASH DATABASES

Databases containing information on CMV crashes are maintained pri-
marily by the National Highway Traffic Safety Administration (NHTSA) 
and the Federal Motor Carrier Safety Administration (FMCSA). They 
are used to create national- and state-level estimates of CMV crash rates 
disaggregated by various characteristics of interest, such as fatigue. A key 
starting point for most of these databases is police accident reports. The 
following subsections describe these databases.

Fatality Analysis Reporting System (FARS)

FARS is a census file of motor vehicles involved in fatal traffic crashes 
in the United States. FARS data are compiled and maintained by the 
National Center for Statistics and Analysis within NHTSA. Data for the 
FARS file are collected by analysts within each state from police accident 
reports, death certificates, medical examiner reports, hospital reports, 
emergency medical services reports, state vehicle registration files, state 
driver licensing files, state highway department data, and other informa-
tion from any follow-up investigations. Analysts use the information from 
these sources to code 100 data elements on certain events leading up to 
a crash, including crash characteristics, environmental conditions, driver 
distractions, circumstances obscuring the driver’s vision, and description 
of persons (e.g., age, gender, restraint use, injury severity) and vehicles 
(e.g., type, make/model, model year, cargo body for trucks) involved in 
the crash. Driver fatigue is coded, if specifically identified on the crash 
report, and is included in the data as part of a field that records driver 
impairments. 
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Trucks Involved in Fatal Accidents (TIFA) and 
Buses Involved in Fatal Accidents (BIFA)

TIFA was a census of medium and heavy trucks involved in fatal 
crashes, while BIFA was a census of buses involved in such crashes. TIFA 
and BIFA data were collected by the University of Michigan Transporta-
tion Research Institute (UMTRI) with support from FMCSA. Both of these 
data sets were based on the FARS file, supplemented by data collected 
by UMTRI researchers. The researchers used telephone interviews with 
drivers, police officers, dispatchers, emergency personnel, witnesses, and 
others with knowledge of the trucks or buses involved in the fatal crashes. 
Data collected included a detailed description of the truck or bus, the car-
rier and carrier operations, driver hours and compensation, and details 
about the initiating events of the crashes. This information was signifi-
cantly more detailed than the general-purpose data collected by FARS. 
TIFA included data on hours driven prior to a crash and the intended trip 
length (which could serve as a surrogate for intended time on task). Both 
the TIFA and BIFA surveys were discontinued after 2010. 

National Automotive Sampling System (NASS)

NASS has two components—the General Estimates System (GES) and 
the Crashworthiness Data System (CDS). GES is a general-purpose crash 
data file of motor vehicle crashes in the United States. CDS is focused 
on light vehicles and is not discussed further here. Unlike FARS, CDS 
includes all crash severities; unlike TIFA or BIFA, it includes all motor 
vehicle types.

The GES database is based on a hierarchical stratified sample of 
police-reported crashes that involved at least one motor vehicle traveling 
on a roadway with resulting property damage, injury, or death. GES data 
are used to provide national-level estimates of a comprehensive set of 
descriptors on crashes. GES data collectors make weekly visits to approxi-
mately 400 police jurisdictions in 60 Primary Sampling Units across the 
United States. Approximately 50,000 police accident reports are sampled 
each year. Data items in GES are coded entirely from those reports. Given 
the nature of the sampling structure, standard errors can be relatively 
large for small subsets of the data, although a significant strength is the 
consistency and comprehensiveness of the data.

Motor Carrier Management Information System (MCMIS)

FMCSA maintains the MCMIS crash file, a census of all trucks and 
buses involved in a crash that included a fatality, an injury transported 
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for immediate medical attention, or at least one vehicle towed because of 
disabling damage. Qualifying vehicles include trucks with a gross vehicle 
weight rating (GVWR) greater than 10,000 lb and buses designed to trans-
port more than eight people, including the driver. States are required to 
extract and submit a standard set of data elements for each qualifying 
vehicle involved in a traffic crash that meets the crash severity threshold. 
The MCMIS crash file, carrier file (registration data on all qualifying 
motor carriers), and inspection file (data from all inspections of motor 
carrier vehicles and drivers) make up the MCMIS. The carrier file includes 
for each carrier, along with other information, the estimated vehicle-
miles traveled (VMT); the number of trucks operated, disaggregated by 
ownership (owned, leased, trip leased); power unit type (tractor, straight 
truck); counts of certain trailer types; and counts of drivers, employed 
and leased. This information is provided by the carriers. The carriers are 
required to update the information every 2 years; carrier information also 
is updated as part of safety audits. These three different files can be linked 
using the carriers’ U.S. Department of Transportation (DOT) numbers. 

FMCSA uses the MCMIS to monitor safety levels and identify unsafe 
carriers for interventions. The data are used primarily to evaluate carriers 
in terms of their crash performance; safety performance; and compliance 
with regulations, including hours-of-service (HOS) regulations. The data 
are less useful for detailed scientific evaluation of specific safety questions. 
Data elements on the individual driver and the truck/bus involved in a 
crash are limited; therefore, controlling for confounding factors (such as 
operational conditions) often is not possible in an empirical analysis. The 
exposure data in the carrier file are aggregated at the carrier level, so one 
cannot use these data to compute crash rates by environmental, road, or 
driver conditions. A researcher can theoretically obtain information on the 
driver’s condition (especially fatigue) from the police report, but doing 
so often is not possible in practice because MCMIS and state crash files 
typically include no common identifier. Carriers can challenge data on 
specific crashes through the DataQ Program, run by FMCSA, which allows 
a review of the data issued by FMCSA. Through this process, the system 
automatically forwards a request for data review to the appropriate office 
for resolution and collects updates and responses for current requests. Car-
rier data are checked during audits and some other enforcement activities, 
but only a small number of carriers are subject to these processes. In addi-
tion, FMCSA runs the Safety Data Improvement Program to help states 
improve their reporting. However, no systematic program is currently in 
place with which to evaluate the comprehensiveness and consistency of 
the data. 

Given the diversity of the trucking and bus industries, it would be 
useful for FMCSA to support research that could provide a better under-
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standing of which information is and is not included in the MCMIS. One 
way of doing so would be to compare the MCMIS with the sampling 
frame used by the Bureau of Labor Statistics’ Survey of Occupational 
Employment Statistics. 

The coverage of crash severity in FARS/TIFA, GES, and the MCMIS 
is summarized in Table 5-1.

Limitations of CMV Crash Databases

The data in the FARS, TIFA, GES, and MCMIS crash databases all 
begin with police crash reports. When using these data, it is important to 
bear in mind that police officers’ primary function is protecting the public 
and enforcing the law, not collecting data for scientific studies. Thus driver 
fatigue at the time of a crash is identified either by driver admission, 
witness observation, or inference based on vehicle crash characteristics 
and driver work-rest schedule prior to the crash. Currently, there are no 
objective tests for fatigue that can feasibly be administered when crashes 
occur, analogous to tests for drugs or alcohol. Because the identification 
of a fatigued driver in these databases depends on the reporting police 
officer’s identifying and recording fatigue,1 CMV driver fatigue likely is 
under reported in existing crash data. An independent assessment of the 
reporting of fatigue in GES suggests that 1.4 to 3.1 times more crashes 
involve fatigue than are reported in this database (Knipling and Wang, 
1995). Moreover, crash data in these databases include no information 

1 The Federal Aviation Administration has developed a Fatigue Risk Assessment Tool, 
which is freely available on the agency’s website and is to be used by aviation maintenance 
workers to capture sleep- and fatigue-related inputs relevant to a maintenance incident. This 
tool ensures that all incident investigations follow a uniform definition of fatigue. A similar 
tool might be useful for the CMV industry.

TABLE 5-1 Coverage of Crash Severity by Commercial Motor 
Vehicle Crash Databases

Crash Severity FARS/TIFA GES MCMIS 

Fatal Yes Yes Yes

Injury No Yes If injured person(s) transported for 
medical attention or if any towed/
disabled vehicle

Property damage only No Yes If any towed/disabled vehicle

NOTE: FARS = Fatality Analysis Reporting System; GES = General Estimates System; 
 MCMIS = Motor Carrier Management Information System; TIFA = Trucks Involved in Fatal 
Accidents.
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about recent hours of sleep and quality of sleep obtained by the driver, and 
with the termination of the TIFA and BIFA projects, no data are available 
on hours driving since the last break. 

Even with their limitations, these crash databases have their utility. 
First, they directly address the safety issue—that is, crashes. Second, while 
it is unlikely that all fatigue-related crashes are identified, these databases 
provide the most direct measure of the effects of driver fatigue on safety 
relative to hours of service. 

LARGE TRUCK CRASH CAUSATION STUDY (LTCCS) DATABASE

The LTCCS was a collaborative project of FMCSA and NHTSA, aimed 
at collecting detailed information on crash events and associated causal 
factors. For this study, 963 large-truck crashes were selected using a clus-
tered, stratified sampling procedure. The sampled crashes involved a 
total of 1,123 trucks and 932 other vehicles and took place between 2001 
and 2003. Sampled crashes involved a least one truck with a GVWR of 
more than 10,000 lb and at least one fatality, incapacitating injury, or non-
incapacitating but evident injury. Cases were sampled from 24 sites across 
the country to produce a nationally representative crash file. It should be 
noted that, because of the relatively small number of crashes and vehicles 
included in this study, standard errors for population estimates are large. 
Each case was investigated by a trained researcher, many experienced 
in the NASS CDS. In addition, a Commercial Vehicle Safety Alliance 
(CVSA)-trained truck inspector performed a CVSA Level 1 inspection2 of 
the trucks involved in most of the crashes for the study. The researchers 
conducted in-depth investigation for each of the crashes included in the 
study, encompassing scene diagrams; photographs; and extensive infor-
mation on the vehicles, environment, and drivers. 

The crash data collection was structured around precrash maneu-
vers, the critical event itself, the critical reason for the critical event, and 
associated factors. For details, see Blower and Campbell (2002), Findley 
et al. (2000), and Hedland and Blower (2006). These factors (especially the 
definition of critical event and critical reason, along with the nature of the 
associated factors) are sometimes misunderstood. The “critical event” was 
defined as the event that made the crash or collision unavoidable. The 
“critical reason” was the reason for the critical event, that is, the last fail-
ure or error that precipitated the crash. For example, in a crash in which 
a light vehicle turned across the path of a truck at an intersection and the 
truck could not evade it, the critical event would be the light vehicle’s 

2 For information on the North American Standard Inspection Program, see http://www.
cvsa.org/programs/nas.php [March 2016].
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turning. The critical reason would be assigned to the light vehicle and 
would be attributed to whatever failure was responsible—for example, 
the light vehicle driver did not see the truck or misjudged the gap. 

Fatigue was captured both as a critical reason, when determined to 
be the reason for the precipitating event, and as an “associated factor,” 
when present regardless of its contribution to the crash. In addition, the 
researchers coded data on hours spent driving prior to the crash and 
hours on duty, typically obtained from driver log books. They attempted 
to validate such driver log books using any other evidence available, such 
as the time stamps on fuel and food receipts and tolls. They also tried to 
obtain data on the hours of last sleep prior to the crash and the driver’s 
schedule for the 7 days prior to the crash. In some cases, the researchers 
were on the crash scene and could directly evaluate the driver’s condi-
tion. The assessment of fatigue was based on a reasonable judgment of 
the totality of available evidence.

Even though the data are more than 10 years old, the LTCCS is still the 
most comprehensive and detailed truck crash investigation data set avail-
able. (For more information on this study, see National Highway Traffic 
Safety Administration and Federal Motor Carrier Safety Administration, 
2006a, 2006b, 2012.) The LTCCS data set has significant advantages over 
other crash data sets. Overall, it is much richer than the others. Data were 
captured for a comprehensive list of factors that could have contributed to 
the crashes. Also, use of the critical event/critical reason paradigm sup-
ports a flexible analytic approach (see Hedlund and Blower, 2006). Fur-
ther, the researchers’ narratives provide a rich source of information. For 
purposes of the linkage between fatigue and crash risk, the  researchers’ 
assessment of fatigue was better than any available crash data based on 
police reports (such as FARS, GES, or state crash reports).

However, it should be recognized that some of the information related 
to fatigue is self-reported, particularly a driver’s hours of sleep prior to the 
crash. Researchers had little reasonable opportunity to evaluate whether 
drivers actually had slept the hours claimed. In addition, since duty hours 
were collected from log books, even given that investigators used com-
mon techniques for verification, there was the potential for misreporting. 
Also, while the assessments of fatigue (i.e., driver sleep and alertness) 
were almost certainly better than those in other crash data sets, they 
were not as valid and reliable as the information that could be obtained 
using objective measures of sleep by wrist actigraphy and of alertness by 
performance on a psychomotor vigilance test. The primary disadvantage 
of the LTCCS data set is that the last crash in the data set occurred more 
than 10 years ago. Since then, many circumstances have changed, such 
as the HOS regulations, the ability to collect telematics information, the 
introduction of crash avoidance technologies, and distraction due to cell 
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phone usage. Further, there are no associated exposure data, so it is not 
possible for analysts to control for many potentially confounding factors 
(a shortcoming that is common to all crash data). 

DATA ON VEHICLE-MILES TRAVELED

Crashes are the product of risk times exposure. Risk is a function of 
characteristics of the driver, the carrier, the environment, and the vehicle. 
However, crashes are also a function of exposure—that is, time or distance 
driven. Thus, measures of exposure are needed to determine crash risk, 
but valid and useful exposure data are typically lacking. The main source 
of national exposure data is provided by the Federal Highway Adminis-
tration (FHWA). Table VM-1 in Highway Statistics provides VMT statistics 
by vehicle and roadway type. Trucks are classified as a single unit or 
as a combination (pulling a trailer). The tabulations are produced at an 
aggregate level (at the national and state levels by type of vehicle and 
roadway); they currently are not broken down by carrier type or even by 
time of day. This deficiency in sources of exposure data is exacerbated 
by the fact that the Bureau of the Census discontinued the Vehicle Inven-
tory and Use Survey (VIUS) in 2002. VIUS was a survey of truck owners 
that provided aggregate travel and use data over the course of a year. 
FHWA is considering filling this information gap by working with the 
Bureau of Transportation Statistics to carry out the necessary data gather-
ing. As part of an effort now under way, FHWA is planning to produce 
statistics on VMT by hour of day, day of month, and month of year by 
major vehicle groups.3 

It is important to understand that, with the exception of the LTCCS, 
the available crash data are collected as part of administrative systems 
that exist for purposes other than answering scientific questions. Crash 
data are collected to monitor overall levels of safety, to enforce the law, 
and to allocate public resources for reducing the toll of motor vehicle 
crashes. Similarly, the limited exposure data available, such as VMT, are 
collected to monitor overall trends in highway usage and to allocate high-
way funds to the states. These systems were not designed by safety sci-
entists to answer scientific questions related to HOS, CMV driver fatigue, 
and safety. 

3 Presentation by Tianjia Tang from the Federal Highway Administration to Panel on 
 Research Methodologies and Statistical Approaches to Understanding Driver Fatigue 
 Factors in Motor Carrier Safety and Driver Health, September 3, 2014, Washington D.C. 
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RESEARCH- OR STUDY-BASED DATA SETS

Research- or study-based data sets include naturalistic driving studies 
(NDS) and driving simulator studies.

Naturalistic Driving Studies

Observational or naturalistic data collection is in situ, that is, “in the 
natural or original position or place.” In NDS, data on driver behavior and 
performance are collected in the normal operating environment. For truck 
and bus NDS, the operational environmental reflects revenue-producing 
operations, and study participants operate their vehicle as part of their 
regular job duties. Study participants volunteer to have their vehicles 
instrumented while they go about whatever driving they would have 
performed otherwise. Typically, NDS are designed such that study drivers 
use an instrumented vehicle for an extended period (often several weeks 
or longer); data are collected continuously via the instruments until the 
engine is turned off. Instruments such as video cameras and other sen-
sors collect data on the position and performance of the vehicle relative 
to the road and other vehicles in the vicinity, as well as driver behavior. 
The final data set provides an “instant replay” of the entire driving trip, 
including any incidents, allowing researchers to focus on event factors 
including driver behavior and crash precursors. NDS have been con-
ducted with light vehicles (e.g., the 100-car study [see Dingus et al., 2006]), 
long-haul trucks (e.g., Hanowski et al., 2009), local/short-haul trucks 
(e.g., Hanowski et al., 2003), buses (ongoing), motorcycles (Williams and 
McLaughlin, 2013), and bicycles (Dozza et al., 2013). 

Early NDS, such as the 100-car study (Dingus et al., 2006) and local/
short-haul study (Hanowski et al., 2003), involved a relatively modest 
number of instrumented vehicles—100 light vehicles in the 100-car study 
and 4 trucks in the local/short-haul study. However, as instrumentation 
costs have decreased and the robustness, capacity, and ease of instal-
lation of data collection systems have improved, newer studies have 
included much larger numbers of vehicles. For example, the Transporta-
tion Research Board’s Strategic Highway Research Program (SHRP) 2 
involved the instrumentation of 3,353 vehicles and data collection from 
3,546 drivers (McClafferty et al., 2015). In total, the SHRP 2 NDS resulted 
in approximately 50 million miles of continuous driving data.4 Recent and 
ongoing NDS with trucks and buses have similarly increased in scope 
relative to early NDS. For example, an NDS involving commercial trucks 

4 SHRP 2 Products Chart. Available: http://onlinepubs.trb.org/onlinepubs/shrp2/SHRP-
2ProductsChart.pdf [April 2016].
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and buses funded by FMCSA, soon to be concluded, has been collecting 
continuous naturalistic data from 161 trucks (169 drivers) and 43 buses (68 
drivers). These large NDS data sets have resulted in tremendous research 
opportunities and have led to the development of new online databases 
in which the NDS data can be accessed. The most recent of these data-
bases that have come online include data from the SHRP 2 study;5 at the 
InSight Data Access Website, some of the SHRP 2 data can be accessed 
for analyses.

Operational definitions of driving segments can vary across studies, 
and the trigger criteria used to identify them also can differ based on 
the research question of interest. In this way, NDS that use continuously 
recorded data offer the flexibility to customize search criteria to enable 
identification of events of interest to include in the analyses. With respect 
to the duration of interest, for example, analyses outlined in the 100-car 
study (Dingus et al., 2006) focused on a time frame of 6 seconds. By 
contrast, more recent analyses of light vehicle data focused on assessing 
driver behavior prior to an event trigger have reviewed video and other 
driving data 12 seconds prior to the event (Victor et al., 2014). Analyses 
of metrics associated with driver fatigue (e.g., PERCLOS, or the percent-
age of closure of the driver’s eyelids over some time period) have used 
much longer time frames for video review; for example, Hanowski and 
colleagues (2013) reviewed 3 minutes of video prior to an event trigger 
to assess PERCLOS. 

As defined for the 100-car study and the SHRP 2 study (Guo et al., 
2010; Victor et al., 2015), a crash event is “any contact that the subject 
vehicle has with an object, either moving or fixed, at any speed in which 
kinetic energy is measurably transferred or dissipated,”6 while a near-
crash event is “any circumstance that requires a rapid, evasive maneuver 
by the subject vehicle, or any other vehicle, pedestrian, cyclist, or animal to 
avoid a crash.”7 Trigger criteria include a host of kinematic variables that 
act as filters by which a driving segment is selected from the video data for 
further review. Within a study, the objective is to select trigger criteria that 
reduce the chances of false alarms. Using different trigger criteria, various 
sets of events of interest can be captured. 

Analysis of these large data sets has required new, and evolving, 
analytical approaches. Often, the data are characterized by events of inter-
est (e.g., “crashes”) and compared with baseline, or normative, driving. 

5 See https://insight.shrp2nds.us [March 2016]. 
6 Examples of objects include other vehicles, roadside barriers, and objects on or off of the 

roadway, pedestrians, cyclists, or animals.
7 A rapid, evasive maneuver is defined as steering, braking, accelerating, or any combina-

tion of control inputs that approaches the limits of the vehicle capabilities.
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In this way, researchers can study the pre-event behaviors of the driver 
during the time of interest leading up to the event. In a similar way, the 
analysis can use nonevent data for comparison. In the SHRP 2 data set, 
1,541 crashes were recorded, and although these severe outcomes can 
serve as one event type of interest to study, less severe events that may 
involve underlying factors of interest (e.g., driver distraction, speeding, 
rural roads) also can be studied by examining other safety events with 
outcomes less severe than crashes. For example, many NDS studies ana-
lyze incidents often referred to as “safety-critical events” (SCEs), which 
may include near-crashes and other driver errors (e.g., unintended lane 
deviations). These event types, in addition to matched nonevents that 
serve as a baseline for comparison, can be a focal point for video and data 
review. Further, as the flexibility of the above definition of triggers sug-
gests, one can and should examine the robustness of any inference to the 
definition of the trigger one is using (which in turn defines the length of 
the period prior to an event on which one collects data).

The strengths of NDS as an approach for data collection are as follows:

• Ecological validity: Data are collected on driver performance 
and behavior, as well as vehicle behavior, including the factors 
that can jointly cause a traffic crash. NDS can provide a way of 
observing all of the relevant factors acting jointly as they might be 
when the vehicle is not instrumented. Assuming that the instru-
mentation has no impact on driver behavior—there is some evi-
dence to suggest this is the case after only a few days of use of 
the instrumented truck—one gets to observe that behavior in 
a true operational environment. This NDS advantage provides 
very high ecological validity. There is no pressure for a driver to 
behave unnaturally since the experimenter is not present physi-
cally, and has given no instructions on how to drive, which roads 
to travel on, how to deal with excess traffic, or how to handle the 
environmental conditions encountered. In addition, in NDS, one 
can observe the results of typical driver pressures to, for example, 
make appointments; driver choice behavior (e.g., where to pur-
chase fuel, whether to use caffeinated or tobacco products or eat 
or drink alcohol or other beverages shortly before or while driv-
ing whether to drive in adverse weather conditions); the time of 
day driving starts; the timing of waking and sleep (onset-offset 
times, duration) in advance of driving; and the like. All such deci-
sions are up to the drivers under study, and drivers are allowed 
to behave as they would routinely. 

• Reduced errors in data collection: Since the vehicles are instru-
mented, NDS provide precise, detailed information on driver 
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behavior and driving performance for occasions that both do 
and do not lead to crashes or SCEs. Review of video and other 
data allows for “instant replay” capabilities that make it possible 
to better understand the genesis of crashes and SCEs. Data are 
collected not only on crashes but also on events that under some 
circumstances are likely to be associated with a higher chance of 
having a collision. Such SCEs may include excessive lane changes, 
hard braking, tailgating, and speeding. Data also are collected on 
the behavior of other vehicles in the vicinity. 

• Case control and exposure: One can easily carry out case-control 
studies using data from NDS. An important benefit of NDS data 
collection is that data exists for travel times when crashes or SCEs 
did not happen.8 Since data are available for both crashes and 
SCEs, one can match a situation in which a crash or SCE occurred 
with an analogous situation in which one did not occur, and then 
examine the frequency of various possible causal factors to see 
whether it differs between the two situations. The data contain 
precrash and pre-SCE information on driver behaviors including 
the presence of fatigue or distraction and interactions with pas-
sengers, devices, and the vehicle. 

• Utility: Finally, while NDS are expensive to conduct, they typi-
cally involve collecting data for months or longer, which allows 
for analyses investigating many research questions.

NDS also have limitations, although some of these can be addressed:

• Events of interest: In NDS the investigator has very little control 
over the driver, and therefore over the driving situations encoun-
tered. Thus one cannot study specific problems as intensively as 
is possible with simulators since those problems may not occur 
sufficiently often during the course of the study. This limitation 
is a standard by-product of high ecological validity. Also, since 
crashes are rare events, analysts tend to rely on SCEs. However, 
the validity of treating such events as near-crashes is uncertain. 
This is clearly less of a limitation with larger NDS such as SHRP 2, 
which included 701 crashes as of June 30, 2014 (Antin et al., 2015, 
Table 4.2). Also, relying on some SCEs may not be a serious prob-
lem in every situation, as analyses linking crashes to near-crashes 
have been conducted (see Guo et al. [2010] for an example). NDS 
also can be used to conduct field operational tests for technology 
evaluation (e.g., Hickman and Hanowski, 2011). 

8 SCEs can also provide information on how drivers successfully avoided crashes.
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• Feature extraction: One of the reasons SCEs are defined as high-
g-force events is that one can then focus attention on a small 
fraction of the data collected. The problem of feature extraction, 
if one suspects other causal factors in addition to these kinematic 
events, either requires going carefully over thousands of hours of 
video data capture or finding some other way to identify those 
moments. However, this may not be an issue for certain analyses 
that may look for events of interest other than SCEs. For example, 
if speeding over a set threshold (e.g., 80 mph) were of interest for 
analysis, search criteria could be set to identify all instances of 
high-speed events. 

• Causality: NDS are observational studies and as such are subject 
to traditional limitations in their capability to address causality. 
In most cases, researchers do not have detailed information about 
driver state (fatigue, alcohol or drug use, and medical conditions 
that impair driving), which could introduce confounding factors. 

• Generalizability: Because little information is available to iden-
tify differences in the characteristics of drivers of instrumented 
and noninstrumented vehicles, it may not be possible to deter-
mine whether such differences might confound any observed 
relationships. A related issue is that the subjects are volunteers, 
and it is reasonable to expect that those who engage in activities 
that affect their driving negatively would be less likely to par-
ticipate. However, being a volunteer is an inherent component 
of almost all research involving human subjects, so the same 
limitation is inherent in all empirical studies. Therefore, extrapo-
lating the results of NDS to the general trucking population is not 
entirely feasible, especially in the absence of baseline estimates, 
although NDS drivers can be compared demographically with 
other populations of drivers. 

• Sample size: As noted previously, early NDS often had small 
sample sizes, although it is important to note that the same is 
true of many other empirical studies. However, the number of 
drivers in a small sample limits the variability one can observe 
in terms of fleet size, operation types, and vehicles. Again, this 
limitation is not unique to NDS; surveys and studies based on 
paper logs, for example, are restricted to certain segments of the 
CMV population. Achieving a study sample that is representa-
tive of the population is hampered by the fact that estimates of 
characteristics of all CMV drivers are not available. On the other 
hand, NDS provide an opportunity to study the same drivers 
over many months of driving.
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In some cases, these limitations of NDS can be addressed through the 
use of additional data sets or modeling approaches. An example is 
the inability to assess driver sleep hours. Drivers in the Hanowski et al. 
(2007) study wore actigraphy devices that recorded their sleep quantity 
(timing and duration). These data were then merged with the driving 
data to better understand the impact of sleep on driver behavior and 
risk. Other data streams and data sets—such as data from geographic 
information systems, including data on weather and traffic density—
can be combined with naturalistic driving data (see, e.g., Cannon and 
Sudweeks, 2011).

Driving Simulator Studies

Driving simulators are useful for research purposes as they allow 
a researcher to observe driver behavior under certain conditions while 
controlling for others. They are especially useful for the study of high-
risk conditions, such as fatigue and other types of impairments, because 
performance errors do not result in injuries or fatalities. However, that 
fact also can limit the realism of the simulator experience. Simulators are 
used as well to test potential road and vehicle improvements and other 
technologies before they are deployed and obtain practical feedback from 
drivers. For example, simulators guided the design of advanced driver 
support systems by making it possible to estimate the marginal effect of 
their deployment on driver performance. Professional driving simulators 
also can serve as a training tool for individuals learning to drive trucks 
and buses. Depending on their fidelity to an actual truck or bus, they 
can provide approximate on-the-job training for a driving student and 
possibly reduce crash risk. Simulators are useful as well for investigating 
specific issues, such as whether fatigue is associated with unintended 
lane changes on curved highways, and for recognizing factors that need 
to be examined in broader studies. One can look at a variety of outcomes 
by repeating the experiment with a study participant, thereby controlling 
for individual differences. In addition, a researcher can investigate low-
frequency/high-severity events such as a crash by repeating the same 
scenario without adding substantial costs. Not only are driving simulators 
useful for testing technologies but they also may have utility for testing 
various types of schedules to identify which is optimal for truck and bus 
drivers—although the lack of fidelity to the real world may limit the util-
ity of this application. Finally, simulators give researchers the flexibility 
to gather additional information such as physiological data (e.g., heart 
rate), although more miniaturized portable physiological monitoring with 
data uplink is rapidly becoming possible, so this advantage is becoming 
less clear. 
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Simulator studies are limited in the sense that their results are difficult 
to generalize, and the estimate of an impact of a factor will shift upward 
or downward depending on how it interacts with other factors in the real 
world (that were fixed or controlled for in a simulator study). Finally, 
as the same experiment is repeated with a participant in a simulator study, 
the effect of learning becomes a confounding factor.

PROPRIETARY DATA

Proprietary data include data collected by the American Transporta-
tion Research Institute (ATRI) and by large truck carriers.

Data Collected by the American Transportation Research Institute

ATRI is a member of the American Trucking Associations (ATA) and 
is a not-for-profit research organization. ATA is organized as a federation 
of independent state motor carrier associations, councils, and committees, 
and ATRI was established as a separate organization to maintain its inde-
pendence from ATA. In essence it is the research arm of ATA, with its own 
management (a separate board of directors consisting mainly of ATA 
members) and funding, which comes from the trucking industry. ATRI 
conducts studies in various topical areas relevant to the trucking industry 
and therefore collects data on drivers and motor carriers. It conducted 
surveys on fleet managers and drivers and also made use of logbook data 
from participating carriers to carry out a study on operational and eco-
nomic impacts of the 2011 HOS regulations. ATRI has data on technology 
penetration among carriers, as well as video feeds from trucks and other 
ad hoc data for its own or government research purposes. It also collects 
insurance data on insurers or carriers who provide fleet-wide insurance, 
and this data set includes information on carriers’ crash involvement and 
costs associated with each crash. Along with cross-sectional information, 
ATRI has undertaken initiatives to collect real-time data that offer the 
potential to address questions related to violations, scheduling, and traf-
fic patterns. 

Since 2002 ATRI, working closely with FHWA, has led the Freight 
Performance Measures (FPM) Program, which evaluates the effectiveness 
of the highway system in facilitating fast, efficient movement of goods. 
Performance measurements are produced for this program through the 
use of real, anonymous, private-sector truck data sourced through unique 
industry partnerships. ATRI’s FPM database currently contains billions of 
truck data points from several hundred thousand unique vehicles span-
ning more than 7 years. Currently the program collects nearly 100 mil-
lion data points per day, and it exceeded 1 billion points per week in late 
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2014. The data, which include periodic time, location, speed, and anony-
mous unique identification information, are collected and used by ATRI 
researchers to produce various indicators on truck movement, highway 
bottlenecks, crossing time and delay, and demand for truck routes and 
facilities on highways. Knowing the location of a truck or bus prior to a 
crash, one can estimate the number of hours driven. Also, the FPM data-
base is a valuable source of exposure data; one can use the data to arrive at 
an estimate of the number of trucks on the road by time of day. However, 
a key limitation is that the data are collected under a strict confidentiality 
agreement and so are not currently available to researchers. Also, the data 
are collected only for a modest fraction of all trucks and buses, which may 
not be representative of the industries as a whole.

Data Collected by Large Truck Carriers

Most truck carriers collect information on their drivers for book-
keeping and operations management purposes. However, large carriers 
also often collect information on their drivers’ health, wellness, crash 
rates, and the like. Some carriers use such data to conduct studies for 
purposes of improving their safety performance. 

Carrier-based data can include both events and exposure, addressing 
the exposure problem that exists for all trucks collectively, although the 
data are restricted to drivers on the carrier’s payroll. Also, crash data can 
be linked to personnel/work records, as well as to equipment manifests. 
Some carriers have relatively sophisticated data collection programs with 
respect to loss events, similar in construction to public crash files. These 
loss files must be used with care because they include incidents beyond 
police-reportable or MCMIS-reportable traffic crashes. 

As part of its information-gathering process, the panel heard from 
Schneider National (a multinational trucking company) about the types of 
data it collects as part of its safety and health and wellness initiatives. This 
information illuminates the data elements that large truck carriers may col-
lect on their employed drivers. Schneider collects information on crashes, 
which includes the time of day, the number of hours since the driver’s 
last break, and the location of the crash and the roadway type where it 
occurred. The company also has electronic log data from the trucks in its 
fleet that track shift variability and the number of days since the truck was 
last at the home terminal. Data on critical events such as hard braking, roll 
stability control, and collision mitigation also are collected. The company 
prescreens its drivers for sleep apnea and treats those who test positive. 
As a result, the company has data not only on the safety performance of 
its drivers but also on their health. One outcome that potentially could be 
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studied with these internal company data is the impact of proposed health 
and wellness programs on driver fatigue and safety. 

OTHER DATA SOURCES

Other data sources include driver paper logs, inspection reports, and 
surveys.

Driver Paper Logs

Researchers exploring the relationship between driving time and the 
probability of crashes have collected driver logs from private fleets. In 
these cases, the carrier typically supplies the driver logs for a particular 
time period (e.g., 2 weeks), which contain information on driving pat-
terns. This method of data collection relies on establishing collaborative 
agreements with private fleets. The analyses rest on valid and reliable 
reporting by truck drivers. A researcher obtains access to exposure data; 
therefore, studies based on driver logs can have a case-control formula-
tion. As driver logs provide information on sleeper berth time and the 
number of rest breaks taken by a driver, researchers can investigate the 
impact of change in various provisions of HOS regulations provided 
they have data on the same set of drivers before and after such a change 
(Jovanis et al., 2011). The resulting analysis will be difficult to generalize 
given that representativeness is an issue, but the association between dif-
ferent driving patterns and crash risk can be estimated. Even if the study 
sample based on paper logs will not be random or fully representative of 
all truck and bus drivers, the relationship between hours of service and 
crash frequency may be generalizable to the CMV driver population. 

Another limitation of paper driver logs is that the data are self-reported. 
Falsification of log books is a possibility (Moses and Savage, 1996). Monaco 
and Williams (2000) found that 57.8 percent of drivers in the University of 
Michigan Trucking Industry Program (UMTIP) 1997 data set reported driv-
ing more hours than they entered in their logbooks in the last 30 days; and 
a large proportion of all drivers (82.58%) said that, in general, they thought 
logbooks were inaccurate. Although there are no known national estimates 
of the prevalence of the practice of falsification of logbooks, better technol-
ogy, such as electronic on-board recorders and electronic logging devices, 
could help address some of these quality concerns. 

Inspection Reports

A state inspection system nationwide conducts more than 3 million 
roadside inspections of commercial motor vehicles annually to ensure 
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that trucks and buses are operating safely. The selection of vehicles for 
inspection typically is not random; enforcement officers must have prob-
able cause to inspect a vehicle. Trained inspectors in each state inspect 
vehicles using criteria developed by CVSA. Inspection involves an 
examination of the vehicle and/or driver to determine compliance with 
FMCSA regulations.9 As part of the most comprehensive level I inspec-
tion, a driver’s certificate from his or her medical examiner is checked, as 
is the driver’s record of duty status and hours of service. Drivers also are 
checked for visible signs of fatigue. If the vehicle and/or the driver is in 
violation of FMCSA regulations, the vehicle and/or driver may be placed 
“out of service.” An example of a vehicle violation is “oil and/or grease 
leak,” while an example of a driver violation is “failing to use seat belt.” 

There were 3,497,937 roadside inspections in 2013 (Federal Motor Car-
rier Safety Administration, 2014, Table 2-5). The total numbers of vehicle 
and driver violations in that year were 4,118,869 and 1,047,496, respec-
tively (as a result of some vehicles having multiple violations). Among the 
driver violations, 51,911 were related to driving beyond the 14-hour duty 
limit and 28,207 to exceeding the 11-hour driving limit. Approximately 
44 percent of drivers involved in either of these types of violations were 
placed out of service (Federal Motor Carrier Safety Administration, 2014, 
Table 2-7).

Inspection reports and the MCMIS inspection file are used to identify 
trucking firms that are performing poorly on safety parameters. For each 
trucking firm, information is available on total roadside inspections, how 
many of its trucks were placed out of service, and the categories of the 
violations. This information can be used to identify sets of risk factors (at 
the trucking firm level) likely to characterize violators in a certain cat-
egory. Moses and Savage (1996) used MCMIS roadside inspection data on 
20,000 trucking firms to predict the firms’ accident rates. Their empirical 
analysis did not control for driver characteristics. As mentioned above, 
data elements in the MCMIS database on the individual driver and truck/
bus involved in a crash are limited; therefore, controlling for many con-
founding characteristics is not possible. Another limitation of inspection 
reports is that they include no direct measurement of driver fatigue. 
Nor do they provide data on vehicles that are not subject to inspection. 
Although not based on inspection reports, attempts have been made to 
identify driver- and firm-level risk factors for HOS violations using sur-
vey data. These risk factors include scheduling of irregular routes, trip 
lengths, compensation schemes, availability of rest areas, and type of load 
(Beilock, 1995; Braver et al., 1992). 

9 For more information on roadside inspections and inspection levels, see https://csa.
fmcsa.dot.gov [March 2016].
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Surveys

Useful surveys have occasionally been conducted among truck and 
bus drivers to gather data on their work schedules, fatigue levels, health 
status, access to health care services, and participation in health promo-
tion programs. Among the surveys conducted on truck and bus drivers, 
two are highlighted here—one on truck drivers and the other on bus 
drivers—as they were most comprehensive in terms of the data elements 
collected. 

National Survey of Long-Haul Truck Driver Health and Injury

The National Institute for Occupational Safety and Health (NIOSH) 
conducted a survey of long-haul truck drivers to gather baseline data on 
their health and safety, including the prevalence of selected health con-
ditions and risk factors. Data were collected from 1,670 long-haul truck 
 drivers at 32 truck stops in 20 states. Survey teams were present at each 
truck stop for 3 days, at varying times each day. The survey results pro-
duced estimates of the prevalence of obesity, cigarette smoking, and dia-
betes. The questionnaire included items on health insurance coverage and 
drivers’ self-perception of health status. As the survey was conducted at 
truck stops, the truck driver population that was interviewed for the sur-
vey comprised only long-haul drivers, and excluded drivers who deliver 
goods locally. It is difficult to know whether the survey was strongly 
unrepresentative of all drivers given that there are no baseline health 
data on all truck drivers in the United States. The approach of recruiting 
truck drivers at truck stops was reasonable since it enabled the survey to 
reach a quasi-random population of long-haul drivers. This may be the 
best option available for surveying this population given its high mobility, 
and is preferable to interviewing drivers belonging to a specific trucking 
company/companies given the selection bias implicit in that approach. 
Mail questionnaires, phone interviews, and web-based surveys can be 
impractical given that CMV drivers often are away from home and have 
unpredictable work-rest hours. 

Bus Driver Fatigue Study

The Sleep and Performance Research Center at Washington State 
University conducted a month-long survey from August 2010 through 
August 2011 of 84 commercial bus drivers (middle-aged, overweight, and 
predominantly male) to determine whether these drivers were working 
within the HOS limits set by FMCSA (for details, see Belenky et al., 2012). 
The bus driver population is easier to survey than the truck driver popula-
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tion given that most of them have regular schedules. The survey collected 
information on the length of various components of duty cycles. Drivers 
were told to keep a sleep-wake diary, and additional information on sleep-
wake history was collected via actigraph. Drivers also were administered 
a psychomotor vigilance test (PVT) of behavioral alertness (Basner and 
Dinges, 2011) when they started and ended their work duty and when they 
went on and off on breaks during duty. Information was collected simul-
taneously on subjective fatigue using spontaneously perceived sleepiness 
and on sleepiness using the Karolinska Sleepiness Scale. The participating 
bus drivers represented charter (18 drivers), tour (13), regular route (25), or 
commuter express (24) operations; it is not known whether this percentage 
distribution was representative of the bus driver population. 

NEEDED INFORMATION ON OPERATIONAL 
CHARACTERISTICS OF THE TRUCKING AND BUS INDUSTRIES

In Chapter 10, the panel argues for the need to account for all major 
causal factors in analysis of the causal relationship among HOS regula-
tions, fatigue, and crash frequency. Causal factors are categorized into 
characteristics of the driver, the vehicle, the carrier, and the environ-
ment. This section suggests a number of important factors related to 
the operational characteristics of trucking for which high-quality data 
are not regularly collected. All these factors are important for studying 
driver fatigue. Collecting this information would help researchers control 
for confounding factors when analyzing the relationship among fatigue, 
hours of service, and crash frequency:

• Exposure per hour of day: Even though the MCMIS provides a 
comprehensive list of registered trucks in a particular year, the 
number of trucks on the nation’s roads during a particular hour 
on a single day is unknown. This information is vital to provide a 
normalizing factor. Without this information, one cannot compute 
crash rates by time of day. 

• Trip length and driving hours: Driving time and time on task 
(which encompasses driving time plus loading and unloading) 
are important predictors of crash risk and driver fatigue. An ATRI 
report on the safety impacts of HOS regulations, which consists of 
analysis based on TIFA data, states that 80 percent of fatal truck 
collisions in 2007 occurred within the first 8 hours of driving 
(American Transportation Research Institute, 2010, Figure 2). The 
importance of this percentage is difficult to assess without know-
ing, from exposure data, the percentage of total driving this figure 
represents. Figure 5-1 shows the distribution of all medium and 
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FIGURE 5-1 Truck involvement in fatal crashes by reported hours driven and 
year, 2004-2009.
NOTE: The data are for the period when 2003 hours-of-service (HOS) regulations 
were in effect.
SOURCE: Analysis by the panel using 2004-2009 Trucks Involved in Fatal Ac-
cidents (TIFA) data. Available: http://www.transtats.bts.gov/DatabaseInfo.
asp?DB_ID=415&DB_Name=Trucks+Involved+Fatal+Accidents+(TIFA)&Link= 
0&DB_URL=Subject_ID=1&Subject_Desc=Safety&Mode_ID2=0 [March 2016].
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heavy trucks involved in fatal crashes from 2004 through 2009 by 
driver hours behind the wheel at the time of the crash. Although 
the data are restricted to fatal crashes, and driver hours behind 
the wheel are unknown for a large percentage of fatal crashes, the 
figure shows a wide distribution of hours driven by truck drivers 
involved in fatal crashes. It is difficult to generate a distribution 
of hours driven by the whole population of truck drivers for 
comparison as that information is not available. The lack of such 
exposure data makes it difficult to calculate crash rates by hours 
driven. 

• Diversity of route and load: Loads range from various types 
of freight, to liquids, to agricultural products (e.g., livestock, 
produce), to all sizes and types of machinery, to construction 
materials and equipment, to hazardous materials, to intermodal 
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containers, to small packages, to food products, and many more. 
These various commodities are driven long-haul, regionally, or 
short-haul in rural, suburban, and urban settings. The road types 
and conditions vary widely across the country, and from local 
streets and arterials to Interstate highways.10 Useful information 
about specific routes and environments might include the occur-
rence of various kinds of precipitation, the degree of visibility, the 
road surface, the roadway geometry, the degree of congestion, 
whether the route includes work zones, and the like. 

• Regular versus irregular schedules: As described in Chapter 2, 
depending on the type of operation, drivers may have regular or 
irregular schedules. Irregular schedules are more likely to ham-
per sleep patterns and in turn affect productivity at work or safe 
operation of the vehicle.

• Loading and unloading: As discussed in Chapter 2, some drivers 
have loading and unloading as part of their duty, while others do 
not. A physically demanding task, it exposes drivers to injuries 
and may cut into their sleeping time. It also may increase fatigue 
and thus the probability of fatigued driving.

• Operations at night (i.e., against circadian rhythm): HOS regula-
tions include restart and sleeper berth provisions whose purpose 
is to enable the driver to sleep during the nighttime (see Chap-
ter 4). As described in greater detail in Chapter 3, human physiol-
ogy makes individuals inclined to sleep during night hours, and 
drivers are no exception. Nighttime driving heightens the risk of 
fatigue. 

• Sleep quality: Information is needed not only on hours of sleep 
received by the driver but also on the quality of that sleep.11 Did 
the driver sleep in his or her berth or own bed at home? Sleeping 
in a berth may not be as comfortable and relaxing as sleeping in 
a bed. Darwent and colleagues (2012) investigated sleep obtained 
by long-haul truck drivers in Australia and found minor differ-
ences in the quality of sleep obtained in a sleeper berth versus at 
home. 

10 This report does not specifically consider off-road operations.
11 The term “quality of sleep” is used here in the same way it is used in sleep medicine 

and sleep research—as the basis for a subjective complaint related to symptom reports of 
difficulty with sleep initiation, duration, and consolidation and daytime impairment (Buysee 
et al., 1989). The panel believes that the relevant scientific and medical professional sleep 
societies are in the best position to develop consensus definitions of the important sleep-
related measures for the public. This report relies on those professional definitions and the 
methods for assessing them in CMV drivers relative to research, policy making, enforce-
ment, and accident investigation.
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• Method of compensation: Information is needed on how a driver 
is paid, as compensation methods can be a confounding factor. 
How methods and levels of compensation affect safe operations 
is unknown, although there is some evidence (Belzer et al., 2006) 
that higher levels of compensation attract and retain safer drivers. 

POTENTIAL NEW DATA SOURCES

The future of motor vehicle transportation in general and commercial 
truck and bus transportation in particular is in flux. With the growing 
use of unobtrusive on-board cameras and sensors, motor vehicles soon 
will provide much greater assistance to the driver, and fully autonomous 
vehicles are now being tested. On-board technologies available today can 
generate extensive amounts of data related to many aspects of a vehicle, 
its driver, and the surrounding environment. Although these devices 
have the potential to identify fatigued drivers and possibly prevent them 
from continuing to operate their vehicle while they are impaired, liability, 
privacy, and security concerns will shape the future use of these technolo-
gies, as well as of the extensive real-time data they generate. Setting aside 
for now the privacy and confidentiality aspects of these technologies, 
this section briefly describes potential new data sources and the potential 
capabilities such data may provide to researchers in this area. 

Electronic On-Board Recorders or Electronic Logging Devices

In the next few years, many carriers and owner-operators will either 
decide on their own or have imposed on them the obligation to carry 
electronic on-board recorders or electronic logging devices (ELDs) to 
measure, at a minimum, when and where a truck was in operation and 
for what duration. From a research perspective, electronic data on hours 
driven by a driver prior to a crash represent valuable information. Also, 
the expectation is that ELDs are likely to increase compliance with the 
HOS regulations because compared with paper logs, they are likely to be 
more tamper-resistant (albeit not entirely). One may speculate that they 
therefore could serve to reduce the extent of fatigued driving. 

In 2010, FMCSA published a final rule on mandatory installation of 
ELDs on commercial motor vehicles manufactured after June 4, 2012. 
In August 2013, the Seventh Circuit Court rendered judgment that the 
agency could not proceed with the rule as it failed to consider driver 
harassment. In 2014, FMCSA proposed amendments to the rule that 
included requirements for the mandatory use of these devices by driv-
ers currently required to prepare HOS records of duty status, as well 
as measures designed to address concerns about harassment resulting 
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from the mandatory use of ELDs. This proposed rule is still in the com-
ment stage. Therefore, ELDs are not currently mandatory, and the fact 
that industry-wide adoption of these devices will take time means that 
researchers using such data now will be analyzing only a selected subset 
of the driver population. 

Telematics, On-Board Safety Systems, and 
Other Monitoring of Drivers 

Trucks and buses increasingly are being wired for purposes of vehi-
cle control and monitoring, as well as supervision and management of 
truck fleets. Telematics includes technologies for locating and tracking 
the vehicles (GPS) and for communicating with the driver and moni-
toring vehicle performance remotely. Sensors transmit a continuous 
stream of data from the vehicle to a central data warehouse. Depend-
ing on the kind of device installed in a truck, the vehicle’s perfor-
mance and condition may be captured. As the data are collected in real 
time, the dispatcher can warn the driver of potential problems. Vehicle 
data potentially available for monitoring unsafe driving include hard-
braking events, sudden accelerations, and speeding. These events can be 
recorded for later review or communicated in real time to dispatchers. 
Installing such technologies is currently cost-effective for big carriers 
and companies that manage large fleets. The resulting data are propri-
etary. Data captured by telematics devices also will differ among carriers 
depending on their requirements. 

A host of on-board safety systems are available, such as electronic 
stability control, roll stability control, lane departure warning, blind spot 
warning, forward collision warning, adaptive cruise control, and collision 
mitigation braking systems. These systems warn the driver of danger-
ous conditions, and some can be programmed to take corrective actions 
automatically. 

On-board safety systems that use sensors and video recording sys-
tems record events outside and inside the truck. These data can be used to 
identify unsafe driving practices, and potentially driver fatigue. Carriers 
can use these data to identify at-risk drivers and develop coaching and 
training programs. Carriers can choose among many on-board safety sys-
tems. A recent survey conducted by UMTRI of a random sample survey 
of the entire fleet of trucking companies (drawn from the MCMIS) asked 
companies the factors that determined their choice from among a list of 
on-board safety systems. Companies considered the proven safety ben-
efits of the technologies, positive feedback from drivers, driver improve-
ment, improved safety culture, reduced cost of accidents, and insurance 
benefits (Belzowski et al., 2007). 
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Despite the lack of uniformity in the data elements trucking compa-
nies obtain from these systems, it is safe to conclude that, in combination 
with electronic on-board recorders, they offer the potential for a dramatic 
increase in the amount of driving information available, including infor-
mation on hours spent driving and driving behavior.

ADVANTAGES AND LIMITATIONS OF 
AVAILABLE DATA SOURCES

The data sources described in this chapter have their advantages and 
limitations (as summarized in Table 5-2). The appropriate data source 
depends on the research question being pursued. No one source collects 

TABLE 5-2 Advantages and Limitations of Different Data Sources

Data Source Advantages Limitations

Crash Databases Provide details on 
driver characteristics, 
vehicle characteristics, 
road conditions, and 
weather conditions

Generate aggregate crash 
statistics

Restricted to U.S. Department 
of Transportation (DOT)-
reported crash events; lack 
exposure data

Difficulty of identifying 
driver fatigue from crash 
reports since the data are 
collected by nonresearchers

Naturalistic Driving 
Studies

Assess driver and vehicle 
performance under 
actual road conditions

Provide exposure data

Crashes are a relatively 
rare event; aspects of 
data reduction are done 
manually

Driving Simulators Replicate experimental 
road conditions, which 
enables testing various 
scenarios

Can be used to quantify 
performance profile 
of drivers who suffer 
from various medical 
conditions

Enable assessment of relative 
validity but not absolute 
validity

Electronic On-Board 
Recorders, Electronic 
Logging Devices, On-
Board Safety Systems

Identify unsafe driving 
practices and at-risk 
drivers

Different set of technologies 
oriented toward different 
factors related to safety 

Real-Time GPS Data Provide exposure data Potentially proprietary

SOURCE: Adapted from Rizzo (2011, Table 2). 
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comprehensive information on outcomes (crashes, noncrashes) and pre-
dictors (driver characteristics, vehicle characteristics, company character-
istics, and environmental factors). Therefore, combining data from these 
various sources may be advantageous. The challenges entailed in doing 
so include the following: (1) some data sources are proprietary and would 
require collaboration of the data holders; (2) each data source has its own 
(potentially proprietary) set of definitions and taxonomies for outcomes 
and predictors, which would result in multiple measures of the same vari-
able; and (3) identifiers or linking variables are very likely not available. 
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One of the panel’s primary tasks was to provide information to 
the Federal Motor Carrier Safety Administration (FMCSA) on 
how the most up-to-date statistical methods could assist in the 

agency’s work. The theme of this chapter is that methods from the rela-
tively new subdiscipline of causal inference encompass several design 
and analysis techniques that are helpful in separating out the impact of 
fatigue and other causal factors on crash risk and thereby determining 
the extent to which fatigue is causal. 

A primary question is the degree to which fatigue is a risk factor 
for highway crashes. Efforts have been made to assess the percentage of 
crashes, or fatal crashes, for which fatigue played a key role. However, 
assessment of whether fatigue is a causal factor in a crash is extremely 
difficult and likely to suffer from substantial error for two reasons. 

First, the information collected can be of low quality. Biomarkers for 
fatigue that can provide an objective measurement after the fact are not 
available. If drivers survive a crash and are asked whether they were 
drowsy, they may not know how drowsy they were, and even if they 
do know, they have an incentive to minimize the extent of their drowsi-
ness. In most cases, the police at the scene are charged with determining 
whether a chargeable offense was committed; whether a traffic violation 
occurred; and whether specific conditions, such as driver fatigue, were or 
were not present. They must make this determination to the best of their 
abilities with limited information. It is commonly accepted and under-

6

Research Methodology and Principles:  
Assessing Causality

87
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standable that police underestimate the degree of fatigued driving and 
its impact on crashes.

Police assessments, augmented by more intense interviewing and other 
investigations, were used to determine factors contributing to crashes in 
such studies as the Large Truck Crash Causation Study (LTCCS) (see Chap-
ter 5), in which the researchers attempted to determine the critical event 
(the event that immediately precipitated the crash) and the critical reason 
for that event (the immediate reason for the critical event) for each crash. 
To this end, they tried to provide a relatively complete description of the 
conditions surrounding each crash. This approach is fundamentally dif-
ferent from that of calculating the percentage of crashes attributable to 
different causes. Neither approach is entirely satisfactory: in the LTCCS 
approach, the concept of a “critical reason” is not well defined since many 
factors can combine to cause a crash, with no individual factor being solely 
responsible, while in the other approach, the attributed percentages can 
sum to more than 100 percent. 

Second, in addition to low-quality information, the fact that crashes 
often are the result of the joint effects of a number of factors makes it dif-
ficult to determine whether fatigue contributed to a crash. Crashes can be 
due to factors associated with the driver (e.g., drowsiness, distractedness, 
anger); the vehicle (e.g., depth of tire tread, quality of brakes); the driv-
ing situation (e.g., high traffic density, presence of road obstructions, icy 
road surfaces, low visibility, narrow lanes); and the policies of the carrier, 
including its approach to compensation and to scheduling. The so-called 
Swiss cheese model of crash causation (Reason, 1990) posits that failures 
occur because of a combination of events at different layers of the phe-
nomenon. Similarly, the so-called Haddon Matrix (Runyan, 1998) looks 
at factors related to human, vehicle, and environmental attributes before, 
during, and after a crash. A constructed matrix permits evaluation of the 
relative importance of different factors at different points in the crash 
sequence. These models acknowledge that a traffic crash has a multitude 
of possible causes that may not function independently, resulting in a 
fairly complex causal structure. Therefore, understanding the role of an 
individual factor, such as fatigue, in causing a crash can be a challenge. 

Given that crashes can have many causes, increases and decreases in 
crash frequency over time can be due to changes in the frequency of any 
one of these causes. For instance, a harsher-than-usual winter might raise 
the frequency of crashes, everything else remaining constant. By ignoring 
such dynamics, one can be misled about whether some initiative was or 
was not helpful in reducing crashes. 

To draw proper inferences about crash causality, then, it is important 
to understand and control the various causal factors in making compari-
sons or assessments—including those outside of one’s interest, referred 
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to as confounding factors. Therefore, to assess the degree to which fatigue 
increases crash risk, one must account for the dynamics of the confound-
ing factors, including any correlation between them and the causal fac-
tors of interest. This can be accomplished through design or analysis 
techniques. 

A common design that limits the influence of confounding factors is 
the randomized controlled trial. For reasons given below, however, most 
of the data collected in studies of motor carrier safety are observational, 
so methods are needed to help balance the impact of confounders on com-
parisons of groups with and without a causal factor of interest. By using 
such methods, one can better understand the role of fatigued driving 
and therefore help determine which policies should be implemented and 
warrant the allocation of resources to reduce crash risks due to fatigue.

The following sections begin by defining what is meant by causal 
effect. This is followed by discussion of the inferences that are possible 
from data on crashes and the various kinds of standardization that might 
be used on crash counts. Next is an examination of what can be deter-
mined through the use of randomized controlled trials and why they are 
not feasible for addressing many important questions. The advantages 
and disadvantages of data from observational studies—which are neces-
sary for many topics in this field—are then reviewed. Included in this 
section is a description of techniques that can be used at the design and 
analysis stages to support drawing causal inferences from observational 
data and extrapolating such inferences to similar population groups. 

DEFINITION OF CAUSAL EFFECT

The definition of a causal effect applied in this chapter is that of Rubin 
(see Holland, 1986). Assume that one is interested in the effect of some 
treatment on some outcome of interest Y, and for simplicity assume that 
the treatment is dichotomous (in other words, treatment or control). The 
potential outcome Y(J) is defined as the value of the outcome Y given 
treatment type J. Then the causal effect of the treatment (as contrasted 
with the control) on Yi is defined as the difference in potential outcomes 
Yi (1) – Yi (0), defined as follows: a selected unit i (e.g., a person at a par-
ticular point in time) given treatment Ji = 1 results in Yi(1), and the same 
selected unit given the control Ji = 0 results in Yi(0), with all other factors 
being held constant. For example, if what would have happened to a 
subject under a treatment would have differed from what would have 
happened to the same subject at the same time under control, and if no 
other factors for the subject changed, the difference between the treatment 
and the control is said to have caused the difference. The problem when 
applying this definition is that for a given entity or situation, one cannot 
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observe what happens both when Ji = 0 and when Ji = 1. One of these 
potential outcomes is unobserved, so one cannot estimate the unit-level 
causal effect. Given some assumptions about treatment constancy and 
intersubject independence, however, it is possible to estimate the average 
causal effect across a population of entities or situations. To do so, since 
one is comparing situations in which J = 1 against those in which J = 0, one 
must use techniques that make it possible to assert that the units of analy-
sis are as similar as possible with respect to the remaining causal factors. 

Understanding causality is an important goal for policy analysis. If 
one understands what factors are causal and how they affect the outcome 
of interest, one can then determine how the changes to causal factors even 
for a somewhat different situation from the one at hand will affect the 
probability of various values for the outcome of interest. If one simply 
determines that a factor is associated with an outcome, however, it may 
be that the specific circumstances produced an apparent relationship that 
was actually a by-product of confounding factors related to treatment 
and outcomes. 

DRAWING INFERENCES AND 
STANDARDIZING CRASH COUNTS

As one example of confounding and the challenges entailed in draw-
ing causal inferences, it is common for those concerned with highway 
safety to plot crash counts by year to assess whether road safety is improv-
ing for some region. This type of analysis can be misleading. For example, 
Figure 6-1 shows a large decline in total fatalities in truck crashes between 
2008 and 2009. It is generally accepted that this decline was due to the sub-
stantial reduction in vehicle-miles traveled that resulted from the recession 
that started during that year. However, it is also possible that the decline 
was due in part to new safety technology, improved brakes, improved 
structural integrity of the vehicles, or increased safety belt use. Thus, 
looking at a time series of raw crash counts alone cannot yield reliable 
inferences. 

As a first step in enabling better interpretation of the data, one could 
standardize the crash counts to account for the change in vehicle-miles 
traveled, referred to as exposure data. Thus an obvious initial idea is to 
use vehicle-miles traveled as a denominator to compute crashes or fatal 
crashes per miles traveled. In some sense, exposure data are a type of 
confounding factor, because a truck or bus that is being driven less is less 
likely to be involved in a crash. The lack of exposure data with which 
to create crash rates from the number of crashes is a problem discussed 
below. Another problem with normalizing crashes by dividing by vehicle-
miles traveled is that the relationship between the number of crashes and 
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FIGURE 6-1 Deaths in crashes involving large trucks, 1975-2013. 
SOURCE: Insurance Institute for Highway Safety. Available: http://www.iihs.
org/iihs/topics/t/large-trucks/fatalityfacts/large-trucks [March 2016] based on 
the U.S. Department of Transportation’s Fatality Analysis Reporting System. 
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the amount of exposure might be nonlinear, as pointed out by Hauer 
(1995). This nonlinearity is likely due to traffic density as an additional 
causal factor.

The idea of standardization can be extended. What if other factors 
could confound the comparison of time periods? For example, suppose 
that in comparing two time periods, one finds that more miles were trav-
eled in 1 year under wet conditions than in the other year? To address 
this potential confounder, the data could be stratified into days with and 
without precipitation prior to standardizing by vehicle-miles traveled. 
Increasingly detailed stratifications can be considered if the data exist for 
various factors. Yet there are limits to which this can be done. At some 
point, one would have such an extensive stratification that there would 
likely be few or no crashes (and possibly even no vehicle-miles traveled) 
for many of the cells. To address that issue, modeling assumptions could 
be used in conjunction with various modeling approaches. For instance, 
one could assume that log [Pr(Crash)/(1 – Pr(Crash))] is a linear function 
of the stratifying factors, but this approach would rely on these assump-
tions being approximately valid. 

An understanding of which factors are and are not causal and the 
extent to which they affect the outcome of interest is important in decid-
ing on an appropriate standardization. Efforts at further standardization 
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by other potential casual factors or potential confounders are likewise 
constrained by the fact that police reports often include only limited infor-
mation on the driver, the vehicle, and the environment. 

At present, the main source of data for vehicle-miles traveled is the Fed-
eral Highway Administration (FHWA). However, these data are too aggre-
gate and lacking in specifics to be used as denominators in producing crash 
rates for various kinds of drivers, trucks, and situations. Without exposure 
data, one might be able to separate collisions into those in which a factor 
was or was not present (although doing so is difficult, see Chapter 5). How-
ever, since one would not know how much crash-free driving had occurred 
when that factor was and was not present, one could not know whether the 
number of crashes when a factor was present was large or small.

ROLE OF RANDOMIZED CONTROLLED TRIALS

Much of what is known about what makes a person drowsy, how 
being drowsy limits a one’s performance, and what can be done to miti-
gate the effects of inadequate sleep derives from laboratory  studies, which 
commonly entail randomized controlled trials. For instance,  studies have 
been carried out with volunteers to see how different degrees of sleep 
restriction affect response time. For such an experiment, it is important for 
the various groups of participants to differ only with respect to the treat-
ment of interest—for example, degree of sleep restriction—and for them 
not to differ systematically on any confounding factors. In randomized 
experiments, one minimizes the effects of confounders by randomly select-
ing units into treatment and control groups. As the sample size increases, 
the randomization tends to balance all confounders across the different 
groups. (That is, randomization causes confounders to be uncorrelated 
with selection into treatment and control groups.) Traditional randomized 
controlled trials also are usually designed to have relatively homogeneous 
participants so that the treatment effect can more easily be measured. 
This homogeneity is achieved by having restrictive entry criteria. Further, 
the treatment is usually constrained as well. While this homogeneity of 
participants and intervention improves assessment of the efficacy of the 
treatment effect, it often limits the generalizability of the results. 

In addition to restrictive entry criteria, stratification or matching is 
used to provide greater control over potential confounding characteristics. 
If such techniques are not used, the result can be an imbalance between 
the treatment and control groups on such characteristics, even with ran-
domization into groups. For example, one could have more elderly people 
in the treatment group than in the control group even with randomiza-
tion. As the number of potentially causal factors increases, the opportuni-
ties for such imbalance also increase. 
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As discussed below, for a number of topics involving field implemen-
tation, randomized controlled trials are not feasible. One type of study, 
however—the randomized encouragement design—provides some of the 
benefits of such trials but may be more feasible. In such studies, “partici-
pants may be randomly assigned to an opportunity or an encouragement 
to receive a specific treatment, but allowed to choose whether to receive 
the treatment” (West et al., 2008, p. 1360). An example would be randomly 
selecting drivers to receive encouragement to be tested for sleep apnea 
and examining the effects on drivers’ health (following Holland, 1988). 
This type of design can be useful when the treatment of interest cannot be 
randomly assigned, but some other “encouragement” to receive the treat-
ment (such as a mailer or monetary incentive) can be randomly provided 
to groups of participants. 

Before continuing, it is important to reiterate that current understand-
ing of the influence of various factors on highway safety and on fatigue 
comes from a variety of sources, including laboratory tests, naturalistic 
driving studies, and crash data (see Chapter 5). These various sources 
have advantages and disadvantages for addressing different aspects of the 
causal chain from various sources of sleep inadequacy, including violation 
of hours-of-service (HOS) regulations, to sleep deficiency, to lessened per-
formance, to increased crash risk. One can think of these various sources of 
information as being plotted on a two-dimensional graph of fidelity versus 
control. Typically, as one gains fidelity—that is, correspondence with what 
happens in the field—one loses control over the various confounding fac-
tors. That is why it can be helpful to begin studies in the laboratory, but as 
one gains knowledge, some field implementation is often desirable. These 
latter studies will often benefit from methods described in the next section 
for addressing the potential impacts of confounding factors.

OBSERVATIONAL STUDIES

Observational studies are basically surveys of what happened in the 
field (e.g., on the road). If data were gathered from individuals who did 
and did not receive some intervention or treatment or did and did not 
engage in some behavior, one could compare any outcome of interest 
between those groups. However, any such comparison would suffer from 
a potential lack of comparability of the treatment and control groups on 
confounding factors. That is why techniques are needed to help achieve 
such balance after the fact. However, observational studies do have the 
advantage of collecting data that are directly representative of what hap-
pens in the field. 

Further, such studies are generally feasible, which often is not the 
case for randomized controlled trials. For example, it is not possible to 
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randomize drivers to follow or not follow the HOS regulations. Such an 
experiment would obviously be unethical as well as illegal. Similarly, 
drivers diagnosed with obstructive sleep apnea could not be randomly 
divided into two groups, one treated with positive airway pressure (PAP) 
devices and the other not, to assess their crash risk on the highway. For 
most issues related to study of the role of fatigue in crashes, such  random 
selection into treatment and control groups is not feasible. 

With a few exceptions, the data currently collected that are relevant to 
understanding the linkage between fatigue and crash frequency are obser-
vational (nonexperimental). Therefore, methods are needed for balancing 
the other causal factors between two groups that differ regarding some 
behavior or characteristic of interest so those other factors will not con-
found the estimates of differences in that factor of interest. For example, 
not properly controlling for alcohol use may lead to an overestimation of 
the effects associated with fatigue for nighttime driving. Thus without 
careful design and analysis, what one is estimating is not the effect of a 
certain factor on crash frequency but the combination of the effect of that 
factor and the difference between the treatment and control groups on 
some confounding factor(s).

This point is illustrated by a study undertaken recently by FMCSA 
to determine whether the method of compensation of truck drivers is 
related to crash frequency. Here the type of compensation is the treat-
ment, and crash frequency is the outcome of interest. A complication is 
that carriers who chose a specific method for compensation might have 
other characteristics over- or underrepresented, such as their method for 
scheduling drivers or the type of roads on which they travel. It is difficult 
to separate the effect of the compensation approach from these other dif-
ferences among carriers. 

Regression Adjustment 

Instead of balancing these other causal factors by matching or strati-
fying, one might hope to represent their effect on the outcome of interest 
directly using a regression model. Here the dependent variable would 
be the outcome of interest, the treatment indicator would be the primary 
explanatory variable of interest, and the remaining causal factors would 
be additional explanatory variables. The problem with this technique is 
that the assumption that each of the explanatory variables (or a trans-
formation of a variable) has a specific functional relationship with the 
outcome is a relatively strong assumption that is unlikely to be true. The 
farther apart are the values for the confounding factors for the treatment 
and control groups, the more one will have to rely on this assumption. 
(There are also nonparametric forms of regression in which the depen-
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dence on linearity is reduced, but some more general assumptions still are 
made about how the outcome of interest and the causal factors interact, 
for example, see Hill [2011].) 

Design Methods for Observational Data

This section describes three techniques used in conjunction with the 
collection of observational data in an attempt to derive some of the bene-
fits of a randomized controlled trial by limiting the influence of confound-
ing factors. Note that this is an illustrative, not a comprehensive list, and 
the terminology involved is not altogether standardized. 

Cohort Study

A cohort of cases is selected and their causal factors measured as part 
of an observational study database. Then either the cases are followed 
prospectively to ascertain their outcome status, or that assessment is per-
formed on historical records as part of a retrospective study. 

Case-Control Study

To assess which factors do and do not increase the risk of crashes, 
one can identify drivers in an observational database who have recently 
been involved in crashes, and at the same time collect information on their 
characteristics for the causal factor(s) of interest and for the confounding 
causal factors. Then, one identifies controls that match a given case for 
the confounding factors from among drivers in the database who have 
not been involved in recent crashes. One next determines whether the 
causal factor(s) of interest were or were not present more often in the 
cases than in the controls. An example might be to see whether fewer of 
those drivers recently involved in a crash relative to controls worked for 
a safety-conscious carrier, controlling for the driver’s body mass index 
(BMI), experience, and other factors. If one did not match the two groups 
of drivers on the confounding factors, this approach could produce poor 
inference, since the two groups likely would differ in other respects, and 
some of those differences might be causal. 

Case-Crossover Study

A case-crossover design is used to answer the question: “Was the event 
of interest triggered by some other occurrence that immediately preceded 
it?” (Maclure and Mittleman, 2000; Mittleman et al., 1995). Here, each case 
serves as its own control. The design is analogous to a crossover experiment 
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viewed retrospectively. An example might be a truck driver who had been 
involved in a crash. One might examine whether the truck driver had texted 
in the previous hour and then see whether the same driver had texted a 
week or a month prior to the crash, and again for several previous time 
periods. In that way, one would obtain a measure of exposure to that behav-
ior close to the time of the crash and exposure more generally. (Of course, 
assessing whether a driver has texted is not always straightforward.)

Analysis Methods for Observational Data

This section describes some analytic methods that can be used to 
select subjects for analysis or to weight to achieve balance between a treat-
ment and a control group on confounding factors.

Propensity Score Methods 

One of the most common tools for estimating causal effects in non-
experimental studies is propensity score methods. These methods repli-
cate a randomized experiment to the extent possible by forming treatment 
and comparison groups that are similar with respect to the observed 
confounders. Thus, for example, propensity scores would allow one to 
compare PAP device users and nonusers who appear to be similar on their 
prestudy health behaviors, conditions, and driving routines. The propen-
sity score summarizes the values for the confounders into the propensity 
score, defined as the probability of receiving treatment as a function of 
the covariates. The groups are then “equated” (or “balanced”) through 
the use of propensity score weighting, subclassification, or matching. 
(For details on these approaches, see Rosenbaum and Rubin [1983]; Rubin 
[1997]; and Stuart [2010]. For an application of this method to highway 
safety, see Wood et al. [2015].) 

Propensity score methods utilize a model as does regression adjust-
ment, but not in the same way. Propensity score methods have two 
features that provide an advantage relative to regression adjustment: 
(1) they involve examining whether there is a lack of overlap in the 
covariate distribution between the treatment and control groups, and 
whether there are certain values of the covariates at which any inferences 
about treatment effects would rely on extrapolation; and (2) they sepa-
rate the design from the analysis and allow for a “blinded approach” in 
the sense that one can work hard to fit the propensity score model and 
conduct the matching, weighting, or subclassification (and assess how 
well they worked in terms of balancing the covariates) without looking 
at the outcome. 

Both propensity score methods and regression adjustment rely on 
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the assumption that there are no unmeasured confounding factors. Tech-
niques described below, such as instrumental variables and regression 
discontinuity, are ways of attempting to deal with potential unmeasured 
confounding. The assumption of no unmeasured confounders cannot be 
tested, but one can use sensitivity analyses to assess how sensitive the 
results are to violations of that assumption (for details, see Hsu and Small 
[2013]; Liu et al. [2013]; and Rosenbaum [2005]).

Marginal Structural Models 

Propensity score methods are easiest to use when there is a relatively 
simple and straightforward time ordering: (1) a point-in-time treatment 
with covariates measured before treatment, (2) a treatment administered 
at a single point in time, and (3) outcomes measured after treatment. 
For more complex settings with time-varying covariates and treatments, 
a generalization of propensity score weighting—marginal structural 
 models—can be used (for details, see Cole and Hernan [2008] and Rob-
ins et al. [2000]). These approaches are useful if, for example, one has 
data on drivers’ PAP use over time, as well as on measures of their sleep 
or health status over time, and one wants to adjust for the confounding of 
health behaviors over time. 

The basic idea of the marginal structural model is to weight each 
observation to create a pseudopopulation in which the exposure is inde-
pendent of the measured confounders. In such a pseudopopulation, one 
can regress the outcome on the exposure using a conventional regression 
model that does not include the measured confounders as covariates. The 
pseudopopulation is created by weighting an observation at time t by the 
inverse of the probability of the observation’s being exposed at time t, that 
is, by weighting by the inverse of the propensity score at time t. 

As noted, marginal structural modeling can be thought of as a gen-
eralization of propensity score weighting to multiple time points. To 
describe the method informally, at each time point, the group receiving 
the intervention (e.g., those receiving PAP treatment at that time point) 
is weighted to look similar to the comparison group (those not receiving 
PAP treatment at that time point) on the basis of the confounders mea-
sured up to that time point. (These confounders can include factors, such 
as sleep quality, that may have been affected by a given individual’s prior 
PAP use). As in propensity scoring, the weights are constructed as the 
estimated inverse of probability of receiving the treatment at that point in 
time. So those individuals who have a large chance of receiving the treat-
ment are given a smaller weight, and similarly for the comparison group, 
which results in the groups being much more comparable. The causal 
effects are then estimated by running a weighted model of the outcome 
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of interest (e.g., crash rate) as a function of the exposure of interest (e.g., 
indicator of PAP use). (The measured confounders are not included in that 
model of the outcome; this is known as the “structural” model).

Use of Multiple Control Groups 

Using multiple control groups is a way of checking for potential 
biases in an observational study (Rosenbaum, 1987; Stuart and Rubin, 
2008). An observational study will be biased if the control group differs 
from the treatment group in ways other than not receiving the treat-
ment. In some settings, one can choose two or more control groups that 
may have different potential biases (i.e., may differ from the treatment 
group in different ways). For example, if one wanted to study the annual 
change in crash rates due to truck drivers’ having increased their BMI by 
more than 5 points in the previous year to a total of more than 30, such 
truck drivers might be compared with drivers who had BMIs that had 
not changed by more than 5 points and still had BMIs under 30, and the 
same for bus drivers. If the results of these comparisons were similar (or 
followed an expected ordering), the study findings would be strength-
ened. Thus, for example, the findings would be stronger if one of the 
two control groups differed in that one had a higher expected level of 
unmeasured confounders than the treatment group had, while the other 
control group had a lower expected level, and the results were consistent 
with that understanding. If, however, one believed that there were no 
unmeasured confounders, but the control groups differed significantly 
from each other (so that the comparisons of the treatment and control 
groups differed significantly), that belief would have to be wrong, since 
the difference in control groups could not be due to the treatment. (This 
is referred to as bracketing and is described in Rosenbaum [2002, Ch. 8].)

Instrumental Variables

Another common technique for use with observational data is instru-
mental variables. This approach relies on finding some “instrument” that 
is related to the treatment of interest (e.g., the use of some fatigue alert-
ing technology) but does not directly affect the outcome of interest (e.g., 
crash rates). In the fatigue alerting example, such an instrumental variable 
could be the indicator of a health insurance plan that provides free fatigue 
alerting devices to drivers. Drivers in that plan could be compared with 
those not in the plan, under the assumption that the plan might increase 
the likelihood of drivers using such a device but would not directly affect 
their crash risk, except through whether they used the device. The advan-
tage here is that there would be a good chance that the drivers who did 
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and did not receive the free devices would be relatively comparable (pos-
sibly depending on additional entry criteria for the program). 

The introduction of such instrumental variables can be a useful design, 
but it can be difficult to identify an appropriate instrumental variable that 
is related strongly enough to the treatment of interest and does not have a 
direct effect on the outcome(s) of interest. One potentially useful approach 
to addressing this issue is use of an encouragement design (similar to 
that discussed above), in which encouragement to receive the treatment 
of interest is randomized. Using PAP devices as an example, a randomly 
selected group of drivers would be given some kind of encouragement 
to use the devices. This randomized encouragement could then be used 
as an instrumental variable for receiving and using the device, making it 
possible to examine, for example, the effects of PAP use on crash rates. 
(For more examples of and details on instrumental variables, see Angrist 
et al. [1996]; Baiocchi et al. [2010]; Hernán and Robins [2006]; and New-
house and McClellan [1998].)

Regression Discontinuity

Regression discontinuity can be a useful design when an intervention 
is administered only for those exceeding some threshold quantity. For 
example, everyone with a hypopnea score above some threshold would 
receive a PAP device, and those below the threshold would not. The 
analysis then would compare individuals just above and just below the 
threshold, with the idea that they are likely quite similar to one another 
except that some had access to the treatment of interest while others did 
not. Bloom (2012) provides a good overview of these designs.

Interrupted Time Series 

Interrupted time series is a useful approach for estimating the effects 
of a discrete change in policy (or law) at a given time (see, e.g., Biglan et al., 
2000). The analysis compares the outcomes observed after the change with 
what would have been expected had the change not taken place, using 
data from the period before the change to predict that counterfactual. 

One useful aspect of this approach is that it can be carried out with 
data on just a single unit (e.g., one state that changed its law), with repeated 
observations before and after the change. However, the design is stronger 
when there are also comparison units that did not implement the change 
(such as a state with the same policy that did not change it), which can 
help provide data on the temporal trends in the absence of the change. This 
could be useful, for example, for examining the effect of a change in a com-
pany health program if data also were available from a company that did 
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not make the change at that time. These designs, with comparison subjects, 
are known as “comparative interrupted time series” designs.

A special case of comparative interrupted times series is difference-
in-difference estimation, which is basically a comparative interrupted 
time series design with only two points, before and after the change. This 
approach compares the differences before and after the change between 
two groups, one that did and one that did not experience the change. 
This approach enables controlling for secular changes that would have 
taken place in the absence of the change of interest, as well as differences 
between the groups that do not change over time. (A good reference for 
these designs is Meyer [1995].)

Sensitivity Analysis

For propensity score approaches, instrumental variable analyses, and 
many of the other techniques described here, it is useful to determine the 
robustness of one’s inference through the use of sensitivity analysis. As 
noted above, one of the key assumptions of propensity score matching is 
that bias from unobservable covariates can be ignored. If one could model 
the effect of unobserved covariates, one could test this assumption by 
calculating the difference between estimated treatment effects—after con-
trolling for observed covariates and the effect of unobserved co variates. 
If the estimated treatment effect were essentially erased by unobservable 
covariates, one could conclude that the treatment effect was due to the 
bias from unobservable covariates and was not a true treatment effect. 
However, testing the assumption is impossible because  researchers do not 
have data on unobservable covariates. Therefore, a researcher would need 
to obtain a proxy for the bias from unobserved covariates, which would 
require a detailed understanding of the phenomenon being researched. 
As a result, sensitivity analysis procedures involve examining how much 
unmeasured confounding would need to be present to alter the quali-
tative conclusions reached and then trying to determine whether that 
degree of confounding is plausible. (For details, see Hsu and Small [2013]; 
Liu et al. [2013]; and Rosenbaum [2005].)

Generalizing Findings from Observational 
Studies to a Different Population

Often it is necessary to draw inferences for a population for which 
directly relevant research has not been carried out. A key example in the 
present context is drawing inferences about commercial motor vehicle 
drivers when the relevant research is for passenger car drivers. When is 
it safe to make such an extrapolation? 
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In this case, one needs first to assess internal validity for the popula-
tion on which the relevant study was done, and then assess the gener-
alizability of the findings to another population of interest. The internal 
validity question involves the strength of the causally relevant inference 
that can be drawn about a given research question for the population and 
treatment studied (which may differ from the population and treatment 
of interest). The answer will naturally depend on the study design and 
analysis plans. Different study designs have different implications regard-
ing what can be concluded. The second issue is the generalizability of the 
findings. The hope is that the findings can be translated to the administra-
tion of the same or a closely related treatment for a similar population. 

Criteria for determining the degree to which a study enables causal 
inference have been considered for many decades. In the area of medi-
cal and epidemiologic studies, one well-recognized set of criteria was 
advanced by Hill (1965). These criteria have evolved over time, and a 
summary of their modern interpretation is as follows:

• Strength of association between the treatment and the outcome: 
The association must be strong enough to support causal inference.

• Temporal relationship: The treatment must precede the outcomes.
• Consistency: The association between treatment and outcomes 

must be consistent over multiple observations among different 
populations in different environments.

• Theoretical plausibility: There must be a scientific argument for 
the posited impact of the treatment on the outcome.

• Coherence: The pattern of associations must be in harmony with 
existing knowledge of how the treatment should behave if it has 
an effect. 

• Specificity: A theory exists for how the treatment affects the out-
come of interest that predicts that the treatment will be associated 
with that outcome in certain populations but not associated (or 
less associated) with other outcomes and in other populations, 
and the observed associations are consistent with this theory. 
Furthermore, alternative theories do not make this same set of 
predictions (Cook, 1991; Rosenbaum, 2002). 

• Dose-response relationship: Greater exposure to the risk factor is 
associated with an increase in the outcome (or a decrease if the 
treatment has a negative effect on the outcome). 

• Experimental evidence: Any related research will make the causal 
inference more plausible.

• Analogy: Sometimes the findings can be extrapolated from another 
analogous question.
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The panel suggests an additional criterion—the elimination of alter-
native explanations for observed associations—to be key in helping to 
establish a causal relationship. 

While criteria for establishing causal relationships have evolved over 
time, the principles articulated by Hill are still valid. The panel wishes to 
emphasize the criteria of consistency, theoretical plausibility, coherence, 
and experimental evidence, which support the point that causal inference 
often is not the result of a single study but of a process in which evidence 
accumulates from multiple sources, and support for alternative explana-
tions is eliminated. As described in this chapter, the past 30 years also 
have seen many advances regarding methods for estimating the effects of 
“causes” or interventions in nonexperimental settings. 

There is value, then, in using a variety of approaches to better under-
stand the arguments that can be made as to whether a treatment or an 
intervention has an effect. Doing so makes it possible to gain causally 
relevant knowledge from the collection of relevant studies so as to obtain 
the best possible understanding of the underlying phenomenon. 

A good example of how causality can be established primarily through 
observational studies is the relationship between cigarette smoking and 
lung cancer. In the 1950s, Doll and Hill (1950) and others carried out a 
number of observational studies on the association between cigarette 
smoking and lung cancer. These studies had the usual limitations and 
potential for confounding factors common to such studies. Yet strong 
associations were found across multiple populations and settings, and 
this association also was shown to be monotonically related to the amount 
of smoking (see Hill’s criterion on the dose-response relationship above). 
Some, however, including R.A. Fisher, proposed an alternative explana-
tion: that there existed a factor that increased both the likelihood a per-
son would use tobacco and the risk of contracting lung cancer, such as a 
genetic variant that made a person more likely to smoke and more likely 
to contract lung cancer through independent mechanisms. This alterna-
tive hypothesis was placed in doubt by a sensitivity analysis showing 
that if such a factor existed, it would need to have an association with 
smoking at least as great as the observed association between smoking 
and lung cancer, and the proposed factors, such as genetic variants, were 
unlikely to have such a strong association with smoking. Other alterna-
tive hypotheses were systematically rejected (see Gail, 1996). Even though 
a randomized controlled study of tobacco use was clearly infeasible, it 
became clear through the variety of available studies that supported the 
hypothesis and failed to support the rival hypotheses that cigarettes were 
a causal factor for lung cancer.

 The spectrum of observational study types includes retrospective 
cohort and case-control studies, prospective studies, and various types of 
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designs based on observational data, described by Shadish and colleagues 
(2002). These techniques, and additional ideas described here, have been 
applied in a number of policy areas and can be used to reduce the oppor-
tunity for confounding factors to influence outcomes when a study does 
not have a randomized controlled design. 

Once treatment efficacy has been addressed through a causal under-
standing of the phenomenon, one is left with the question of the generaliz-
ability of the findings from the available studies to other populations and 
interventions. What one would like is to have a sufficiently clear under-
standing of the science underlying a finding of treatment efficacy that 
one can transfer the finding to the administration of the same or a closely 
related treatment for different populations. For an excellent discussion of 
this issue, see Pearl and Bareinboim (2011). 
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It is well known from laboratory studies that fatigue can cause shortfalls 
in performance, including slower response times, attention failures, and 
poor decision making (see Chapter 3). It also is well known from empiri-

cal data collection that fatigue can result in an increased risk of crashes, 
which is due to these decreases in performance. Further, it is reasonable to 
believe that restrictions on hours of service lead to a reduction in the per-
centage of fatigued drivers. However, this linkage is complicated by other 
dynamics that argue against such a simple causal statement. Given the cur-
rent hours-of-service (HOS) regulations, there would be primary interest in 
assessing the difference in fatigue between driving for 10 hours and driving 
for 11 hours in a day, since that is the current policy-relevant question rela-
tive to setting HOS regulations. This causal question is framed somewhat 
narrowly, and the panel believes it is important to view this issue more 
broadly for the following reason. The nation is experiencing increased use 
of technology in vehicles that could be effective for fatigue detection (see 
Chapters 9 and 11), and other improvements are being made in the design 
of trucks and buses, in the driving environment, possibly in commercial 
motor vehicle (CMV)  drivers’ personal habits, and in the scheduling poli-
cies of carriers. Therefore, the question of greatest importance is what fac-
tors mediate the above causal path from fatigue to performance shortfalls to 
crashes, and therefore how accidents can be prevented in a variety of future 
circumstances, not simply those being faced today. 

For present purposes, then, the panel is interested in whether this 
causal chain is in operation for truck and bus drivers and in the char-
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acteristics of its operation. The laboratory and empirical evidence for 
passenger cars is clear, but given the few rigorous studies for truck and 
bus drivers and their different driving circumstances, it remains pos-
sible that truck and bus drivers, as professionals, may be different. For 
instance, they may be better able to judge when their performance has 
been compromised and take some action in response to reduce the risk. 
Such action might include pulling over and resting; consuming caffeine; 
or in the longer term, changing one’s sleeping habits or a carrier’s chang-
ing the scheduling of drivers. In addition, when trying to address causal 
factors such as fatigue in a system as complex as CMV driving, one must 
be aware of the possibility of unintended consequences. For example, the 
existence of rumble strips may give drivers a false sense of security and 
so may encourage them not to pull over. Also, having restart provisions 
that require no driving between specified ranges of hours may increase 
the density of driving just outside the boundaries. For this reason, it may 
be useful to examine the literature on sociotechnical systems, which can 
be helpful in identifying such unintended consequences (Carayon, 2006; 
Hanowski, 2013). 

After providing an introduction to crash risk due to fatigue, this 
chapter summarizes the techniques that have been used and the data 
sets to which they have been applied in some of the leading research on 
how increases in hours of service and increases in fatigue are linked to 
increases in crash risk for CMV drivers. There is also a relevant literature 
on the factors that underlie fatigue in CMV drivers. The review in this 
chapter is not meant to be comprehensive but is based on a selection of 
key reports that highlight the methods and data used in this research 
and the kinds of results such methods provide. Given the large number 
of confounding factors involved (see Table 10-1 in Chapter 10), which 
include health and other characteristics of the driver, the vehicle used, the 
driving environment, and policies of the carrier, along with the difficulty 
of collecting data on many of these factors, it should not be surprising 
that much remains to be learned about the relationship among hours of 
service, fatigue, and crash risk. One of the key research issues is the need 
to separate out the impacts of hours worked, time of day, and number 
of hours slept to determine the extent to which each affects fatigue and 
therefore crash risk. This kind of analysis will require more sophisticated 
statistical models than have routinely been applied in this area. Some of 
these techniques are discussed in Chapter 6, and Chapter 10 provides a 
conceptual approach for moving forward. 

This chapter concludes by identifying questions that need additional 
research. The hope is to both help policy makers understand the complex-
ity of the issue and to help guide future researchers in deciding where to 
focus their efforts to reduce the remaining uncertainties. 
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It should be noted that all but three of the studies included in the lit-
erature review in this chapter (Connor et al. [2002], Guo et al. [2010], and 
Tefft [2010, 2014]) involved data on commercial motor vehicles rather than 
passenger cars. The panel understands that there exists an extensive litera-
ture on passenger car crashes and the relationship between crash risk and 
fatigue for automobiles that these three sources only touch on. The reason 
for the deemphasis on this related literature in the present review is that 
the causal model for truck and bus drivers is likely considerably differ-
ent from that for passenger car drivers with respect to the strength of the 
individual causal factors that need to be accounted for, but perhaps also 
with regard to which causal factors are involved. Relative to driving a pas-
senger vehicle, CMV driving often involves longer periods of continuous 
driving, greater fractions of a day and of a week spent driving, the result-
ing lifestyle, the economic pressures to continue driving when fatigued, 
the physical demands of loading and unloading, and the differences in 
driving a truck or bus compared with a passenger car, not to mention the 
lack of an analogue to HOS regulations. All of these factors contribute to 
the panel’s view that the emphasis here should be on research on the rela-
tionship among fatigue, hours of service, and crash risk for CMV drivers.

INTRODUCTION TO ASSESSMENT OF THE ROLE OF FATIGUE 
IN INCREASING THE RISK OF TRUCK AND BUS CRASHES

In the United States, 3,921 people were killed and 104,000 were injured 
in crashes involving large trucks in 2012. The analogous statistics for bus 
crashes for 2011 were 283 and 24,000, respectively. Crash databases com-
piled from police reports, such as the Fatality Analysis Reporting System 
(FARS), are sometimes used to provide estimates of the number of crashes 
involving trucks or buses that were associated with a fatigued driver. In 
particular, FARS has been used to estimate that 1.5 percent of crashes 
involving large trucks that resulted in a fatality in 2013 were due to the 
truck driver being asleep or fatigued. 

Many view this estimate, and similar estimates for nonfatal crashes, 
as biased low because driver fatigue is difficult to detect during police 
accident investigations (the basis for FARS reporting) (see Chapter 5). 
Additionally, police investigators, not usually trained in how to recog-
nize fatigue post hoc, are somewhat reluctant to identify it as such on 
crash reports because they subsequently will be expected to explain in 
court why they labeled a crash as related to driver fatigue. If a vehicle is 
not instrumented for the purpose, it is extremely difficult to determine 
whether fatigue contributed to a crash. And as argued in Chapter 5, even 
if a vehicle is instrumented, there remain situations in which it is unclear 
whether fatigue was a primary contributing factor.
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An often-quoted, relatively high estimate of the percentage of fatal 
truck crashes associated with a fatigued driver resulted from a 1990 report 
by the National Transportation Safety Board (NTSB) (National Transporta-
tion Safety Board, 1990). As discussed in greater detail below, the NTSB 
conducted an in-depth examination of 182 crash reports on fatal-to-the-
driver large-truck crashes that occurred in eight states between October 1, 
1987, and September 30, 1988. The analysis considered information avail-
able on the number of hours recently driven, the type of accident (such as 
colliding with a vehicle ahead of the truck or gradually veering out of one’s 
lane), and time of day. Driver fatigue was identified as a principal cause in 
31 percent (56 of 182) of those fatal-to-the-driver crashes (National Trans-
portation Safety Board, 1990). Indeed, of all the factors investigated, driver 
fatigue turned out to be the most frequent cause. The NTSB estimated at 
the time that the sample of crash reports it examined in depth represented 
about 25 percent of such fatal-to-the-driver reports nationwide. 

Since fatal-to-the-driver crashes are a subset of fatal crashes, which 
in turn are a subset of crashes involving trucks (or buses), this percentage 
should not be applied to larger crash populations. (For example, Knipling 
and Wang [1994] estimated that 1-4 percent of truck crashes were related 
to driver fatigue.)

A more realistic estimate of the percentage of serious truck crashes 
linked to driver fatigue comes from the Large Truck Crash Causation 
Study (LTCCS), conducted by the Federal Motor Carrier Safety Admin-
istration (FMCSA) and the National Highway Traffic Safety Administra-
tion (NHTSA) between 2001 and 2003. This study entailed conducting 
in-depth investigations of 963 crashes involving a truck that resulted in 
a fatality or an injury to determine the critical reasons for these crashes, 
each of which was assigned to one or more reasons (see below and Chap-
ter 5 for more details on this study). Truck driver fatigue was found to be 
associated with 13 percent of the crashes (Starnes, 2006). This means that 
one of the drivers involved was found to be fatigued, but it was not estab-
lished whether that fatigue was an important contributor to the crash.

There also has been some international work on this issue. In England, 
for example, Horne and Reyner (1995) found that 16 percent of all vehicle 
crashes were related to sleep insufficiency. More recently,  Garbarino and 
colleagues (2001) determined that 21.9 percent of highway crashes in Italy 
between 1993 and 1997 were related to sleepiness. While these studies are 
not specific to truck crashes, they provide some indication of the impor-
tance of driver fatigue as a cause of crashes.1 

1 Another study (Stevenson et al., 2014) was brought to the panel’s attention when this 
report was nearly finalized. It is a careful case-control study of the causes of nonfatal, non-
severe crashes involving heavy vehicles in Australia.
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The wide range of estimates of the degree to which sleepiness or 
fatigue can be shown to be associated with truck collisions is due in part 
to the many differences in what is being estimated. These differences 
include the degree of severity of the crash, whether cars or trucks and 
buses were involved, the time and location of data collection, and the 
definition of operator fatigue. In the end, despite the various attempts 
that have been made to estimate the incidence of truck driver fatigue 
contributing to crashes on the nation’s roadways, the panel simply did 
not find convincing enough evidence that at this time would support a 
reliable estimate.

A literature review conducted by Belenky and colleagues (2013) to 
assess the prevalence of fatigue in bus drivers and its association with 
crash risk found that none of the studies included in the review investi-
gated the impact of nonpathologic fatigue on the driving ability of these 
drivers. Putcha and colleagues (2002) analyzed FARS data looking for 
fatal crashes in which bus drivers were involved during the period 1995-
1999. The FARS database includes the contributing factor “drowsy, asleep, 
or fatigued,” so the authors were able to determine the fatal crashes in 
which this factor was indicated as occurring. They found this to be the 
case for only 5 of a total of 1,483 fatal crashes involving buses over the 
5-year period. The panel believes that the resulting estimate of 0.3 percent 
is almost certainly an underestimate, for the reasons discussed earlier. 
Clearly, this is an area in need of further research.

RESEARCH ON FATIGUE, HOURS OF SERVICE, AND 
RISK OF COMMERCIAL MOTOR VEHICLE CRASHES

Following are summaries and critiques of some of the key research 
examining the relationship among CMV driver fatigue, HOS regula-
tions, and crash risk. For further information on most of these stud-
ies, see Knipling (2015) at http://sites.nationalacademies.org/DBASSE/
CNSTAT/CMV_Driver_Fatigue_Long-Term_Health_and_Highway_
Safety/index.htm.

Crash Involvement of Large Trucks by Configuration:  
A Case-Control Study  

(Stein and Jones, 1988)

This was a prospective case-control study of the causes of large-truck 
crashes. According to the authors, “For a two-year period, large truck crashes 
on the interstate system in Washington State were investigated using a 
case-control method. For each large truck involved in a crash, three trucks 
were randomly selected for inspection from the traffic stream at the same 
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time and place as the crash but one week later. The effects of driver and 
truck characteristics on crash risk was assessed by comparing their relative 
frequency among the crash-involved and the comparison sample trucks.” 
The data set represented 676 crashes involving 734 trucks that occurred 
between 1984 and 1986. The characteristics assessed for crash and control 
trucks were truck configuration, age of driver, weight of load, hours of driv-
ing, truck body type, and fleet size. The trucks also were inspected to check 
on the condition of the brakes, steering, and tires. (Continuous variables 
were classified into three groups of equal size to define matching cases.) To 
determine whether a variable was distributed differently in the crash ver-
sus the control population, the percentage of trucks with that characteristic 
in the crash population was divided by the percentage of trucks with that 
characteristic in the control population. In addition, to deal with simulta-
neous effects of the various characteristics, a logistic regression model was 
used to estimate the adjusted odds ratio for each of the factors included. 
Analyses also were stratified by the following factors individually: crash 
type (single vehicle, multiple vehicle), day/night, route (Interstate 5 or 90), 
and roadway alignment. 

The researchers found that the risk of crashes was higher for double 
trailer trucks and single units pulling trailers, and it was also higher for 
younger drivers, longer hours of driving, and operation of empty trucks. 
The fact that long hours of driving raised the crash risk is of course of 
interest in the present context. Two criticisms of this study are (1) that data 
from drivers’ logbooks on the number of hours driven per day may not 
be of sufficiently high quality, and (2) such analyses rest on the assump-
tion that any characteristics not measured and not equally distributed in 
the crash and control populations are themselves not causal or correlated 
with causal factors. 

A related study of the same data by the same two researchers (Jones 
and Stein, 1989), found that driving in excess of 8 hours compared with 
driving 2 hours or less resulted in a 1.8 times higher risk of a crash. In 
addition, driver logbook violations raised the unadjusted odds ratio by 
3.0. The authors also found that a decrease in the quality of the steering 
raised crash risk. 

Fatigue, Alcohol, Other Drugs, and Medical Factors in  
Fatal-to-the-Driver Heavy Truck Crashes, Safety Study  

(National Transportation Safety Board, 1990)

As mentioned above, the NTSB investigated 182 crashes in which 
the driver of a heavy truck was fatally injured, occurring in eight states 
during October 1, 1987, to September 30, 1988. The purpose of this study 
was to identify the principal reason(s) why each crash occurred. The 
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great majority were single-vehicle crashes in which only the truck driver 
died. The sample represented about 25 percent of the crashes of this type 
nationally during this period. To assess the contributing factors, the NTSB 
developed information to augment the crash reports of police crash inves-
tigators, making it possible to describe more completely the operator(s), 
vehicle(s), and roadway at the time of the crashes. In addition, the NTSB 
interviewed representatives of the carrier, available witnesses, and reach-
able family members to obtain more detailed information on hours of 
service, fatigue, carrier operations and maintenance, safety programs, 
training and testing, preemployment screening, and other factors. The 
researchers also received the case files developed by the crash investiga-
tors and driver logs, as well as blood and urine specimens from the fatally 
injured drivers obtained from local coroners and medical examiners. 

While at the time, the country and the NTSB were still focused on 
alcohol-related driving fatalities on the nation’s roadways, the somewhat 
surprising finding of this study was that so many of these truck driver 
fatalities were more likely attributable to the influence of driver fatigue. 
The major findings relevant to driver fatigue and exceeding HOS regula-
tions were as follows: (1) fatigue was cited as a probable cause 31 percent 
of the time, which made it the most frequently cited cause; (2) of the 57 
drivers who were fatigued, 19 were also impaired by alcohol or other 
drugs; and (3) there was a strong association between HOS violations 
and drug use. 

Commercial Motor Vehicle Driver Fatigue and Alertness Study:  
Project Report  

(Wylie et al., 1996; Mitler et al., 1997)

The primary goal of the Driver Fatigue and Alertness Study (DFAS) 
was “to observe and measure the development and progression of driver 
fatigue and loss of alertness, and to develop countermeasures to address 
it, through a field study.…” Beginning in 1993, 80 truck drivers aged 
25-65 with at least 1 year of experience in the United States and Canada 
driving long-haul less-than-truckload cargo in tractor-semi-trailers were 
monitored for 16 weeks each as part of a naturalistic driving study. Data 
were collected on work-related factors “thought to influence the develop-
ment of fatigue, loss of alertness, and degraded driving performance in 
commercial motor vehicle drivers.” As is typical of naturalistic driving 
studies (see Chapter 5), the DFAS was carried out within an operational 
setting of real-life, revenue-generating trips. The work-related factors 
examined included the amount of time spent driving during a work 
period, the number of consecutive days of driving, the time of day when 
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driving took place, and schedule regularity. For each driver, data collec-
tion lasted 4-5 days. 

The drivers were divided into four groups of 20, and each group was 
asked to follow one of the following schedules: (1) 10 driving hours turn-
around route, starting around 10 AM for five consecutive trips; (2) 10 driv-
ing hours turnaround route starting 3 hours earlier each successive day, 
with more night driving time than in schedule (1); (3) 13 driving hours 
turnaround route starting late each evening for four consecutive trips, 
with more night driving than in schedule (2); and (4) 13 driving hours 
starting in the late morning and early afternoon for four consecutive 
trips. Schedule (1) provided 11 hours off between trips, while the other 
three schedules provided only 8 hours off between trips. Measures col-
lected for each subject included lane tracking, steering wheel movement, 
driving speed, distance monitoring, response vigilance tests, continuous 
video monitoring of the driver’s face and the road ahead, and poly-
somnography during sleep and while driving.

The strongest factor influencing driver fatigue was determined to be 
time of day of driving. Drowsiness was greatest during night driving. 
Hours of daytime driving was not a strong predictor of observed fatigue. 
(Hours of nighttime driving could not be assessed as a predictor of fatigue 
given the study design.) Finally, there was some evidence of cumulative 
fatigue across days of driving. The fact that there was more than one dif-
ference among the schedules confounded attempts to interpret compari-
sons of means across the four groups. 

Effects of Sleep Schedules on  
Commercial Motor Vehicle Driver Performance  

(Balkin et al., 2000): Study 1, Actigraphic Assessment 
of Sleep of CMV Drivers over 20 Days 

In this field study (the report also describes a simulator study), wrist 
actigraphy was used to determine the hours of sleep obtained by 25 long- 
and 25 short-haul CMV drivers over 20 consecutive days, both on and 
off duty. It was found that both long- and short-haul drivers averaged 
7.5 hours of sleep per 24 hours. 

Stress and Fatigue Effects of Driving Longer Combination Vehicles  
(Battelle-Seattle Research Center, 2000)

The authors describe this study as follows:

Between October 31, 1994, and January 21, 1995, 24 experienced 
 longer-combination vehicle drivers drove approximately 2700 miles 
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each in specially-equipped and loaded single- and triple-trailer com-
mercial vehicles under controlled experimental conditions. The tractors 
were equipped with video and digital equipment to gather data on the 
 drivers’ performance. . . . Each driver who participated in the study 
was assigned to a specific tractor and drove it for the entire study week, 
using it to alternatively pull each of the three different trailer configu-
rations: a  single 48-foot trailer, a triple-trailer combination with three 
28-foot  trailers and standard converter (A-dollies), and a triple-trailer 
combination with three 28-foot trailers and double-drawbar, self-steering 
converter dollies (C-dollies).

With three possible configurations, there were six orderings of trailers, 
and four drivers were randomly assigned to each permutation. Fatigue-
related measures included lane deviation assessments. Each driving day 
consisted of 10 hours on duty, including 8 hours of driving. 

The researchers determined that driving the triple trailers contributed 
to increased fatigue as measured primarily by lane departures. In addi-
tion, there was substantial heterogeneity in the outcomes, including lane 
departures, representing 32 percent of the variability in outcomes. 

Driver Sleepiness and Risk of Serious Injury to Car Occupants:  
Population Based Case Control Study  

(Connor et al., 2002)

This study examined data from 571 car drivers involved in crashes in 
the Auckland region of New Zealand between April 1998 and July 1999 
in which at least one occupant was admitted to a hospital or killed. It also 
looked at 588 controls who were randomly selected to mimic the distri-
bution of people driving on the region’s roads during the study period. 
The cases were “identified by cluster sampling of drivers at 69 randomly 
selected sites on the road network. The day of the week, time of day, and 
direction of travel for each survey site were randomly assigned.” The 
goal was to determine whether the relative risk for injury was associ-
ated with various driver characteristics, especially fatigue, through case- 
control methods. For each driver admitted to the hospital, interviews 
were conducted, often within 48 hours of the crash. For crashes that 
were fatal to the driver, proxies were interviewed. Questions about sleep 
obtained made up a small portion of the interview to disguise the intent. 
To employ the Stanford sleepiness scale, the researchers had respondents 
select one of seven statements that most closely described their alertness 
immediately before the crash. Controls were similarly interviewed around 
the time of their selection. 

Confounding factors considered in the analysis included age, gender, 
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socioeconomic status, ethnicity, alcohol consumption, use of recreational 
drugs, time spent driving per week, vehicle speed, average traffic speed, 
type of road, and how long the person had been driving on the day of the 
crash. The analysis involved the estimation of odds ratios using logistic 
regression, with the complication that the cluster sample was accommo-
dated using the SUDAAN statistical analysis software. The change-in-
estimate method was used to assess potential confounders (Greenland, 
1989). The confounders that passed this test were included in the logistic 
regression model.

The results showed a “strong association between the level of acute 
driver sleepiness, as measured by the Stanford sleepiness score, and the 
risk of injury. . . . The two direct determinants of acute sleepiness . . . 
sleep deprivation and time of day, were also strongly associated with the 
risk of an injury crash. Drivers who reported five hours or less of sleep in 
the previous 24 hours were at significantly increased risk compared with 
those who had more than five hours.”

In addition to a considerable amount of missing data, this study 
was subject to recall bias. It is well known, as discussed earlier, that 
self-reports about the amount of sleep received are of uncertain quality. 
Finally, this was not a study of truck drivers but of automobile drivers, 
and it was for travel in New Zealand. 

Report to Congress on the Large Truck Crash Causation Study  
(Federal Motor Carrier Safety Administration, 2006; Starnes, 2006)

In the Motor Carrier Safety Improvement Act of 1999, Congress man-
dated “a study to determine the causes of, and contributing factors to, 
crashes involving commercial motor vehicles.” As a result, FMCSA and 
NHTSA conducted a “multiyear, nationwide study of factors that contrib-
ute to truck crashes. . . . A nationally representative sample of large truck 
fatal and injury crashes was investigated during 2001 to 2003 at 24 sites 
in 17 states. Each crash involved at least one large truck and resulted in at 
least one fatality or injury. Data were collected on up to 1,000 elements in 
each crash. The total sample involved 967 crashes, which involved 1,127 
large trucks, 959 nontruck motor vehicles, and included a total of 251 
fatalities, and 1,408 injuries.” 

Data collection was carried out at each crash site by a two-person 
team consisting of a trained researcher and a state truck inspector. They 
collected data on the crash scene, including information about the road-
way and the weather; vehicle rollover, fire, jackknife, or cargo shift; prob-
lems with brakes, tires, steering, engine, or lights; driver credentials, 
method of payment, physical condition, fatigue (based on sleep pattern, 
work schedule, and recreational activities), and inattention/distraction; 
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trip start time, purpose, and intended length; and driver’s familiarity 
with the route. 

One and only one “critical event” was designated for each crash—the 
event that immediately led to the crash. Likewise, one and only one “criti-
cal reason” (the immediate reason for the critical event) was assigned to 
each event. In addition, crashes were coded with associated factors, which 
were indicated as being present but not necessarily causal, and more 
than one of these could be assigned to an individual crash. The findings 
relevant to fatigue were that shortage of sleep was given as the critical 
reason in 7 percent of the crashes, and partial sleep deprivation was given 
as an associated factor in 13 percent of the crashes. 

The LTCCS had some design flaws. First, fatigue was assessed either 
indirectly or by self-report, so the quality of that information likely is not 
high. In addition, the requirement to find a critical event and the critical 
reason for that critical event could have biased the observers toward fac-
tors in immediate physical or temporal proximity. Even with these flaws, 
however, and the fact that the data are now 10 years old, the LTCCS is 
considered an important source of quality information on the relative 
likelihood of various causes of truck crashes. 

Work Schedules of Long-Distance Truck Drivers Before and After 2004 
Hours-of-Service Rule Change  

(McCartt et al., 2008)2

In this study, three samples of long-distance truck drivers were inter-
viewed face to face as they passed through roadside weigh stations on 
Interstate highways in Pennsylvania and Oregon immediately before and 
after the 2003 change in the HOS regulations, which increased the limit on 
daily driving from 10 to 11 hours. The first sample of responses was col-
lected prior to the change, from November to December 2003; the second 
sample was collected 1 year after the change, from November to Decem-
ber 2004; and the third sample was collected 2 years after the change, from 
November to December 2005. A total of 1,921 drivers participated in one 
of the three groups of interviews.

To encourage participation, drivers were given an incentive payment 
of $10. Participation rates ranged from 88 to 98 percent. Questions were 
asked about work schedules, rule violations, and fatigued driving, with 
the differences between 2003 and 2004 responses and between 2003 and 

2 The rule changes at issue between 2003 and 2004 were (1) the daily minimum off-duty 
requirement was changed from 8 hours to 10 hours, (2) the maximum hours of driving 
prior to going off duty was changed from 10 to 11 hours, (3) the maximum tour of duty was 
14 hours, and (4) the 34-hour restart period was initiated.
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2005 responses providing the statistics to be interpreted. The authors 
report the following findings:

The large majority (72-76% in 2004 and 69-70% in 2005) said that their 
current daily driving times were about the same as before the rule 
change. But in both 2004 and 2005, about one-fifth of drivers said they 
were driving more hours daily under the new rule. . . . In the 2004 and 
2005 surveys, a sizeable percentage of drivers in both states reported 
they typically got more daily sleep under the new work rule than under 
the old rule. . . . At least 72% said the restart was part of their regular 
schedules. . . . The percentage of drivers interviewed in Pennsylvania 
who said they drove their trucks while sleepy at least once during the 
past week increased from 43% in 2003 to 48% in 2004 and then declined 
to 43% in 2005. . . . In Oregon, the percentage was who reported sleepy 
driving was 36% in both 2003 and 2004 and 41% in 2005. The percentage 
who reported dozing at the wheel of a truck on at least one occasion dur-
ing the past month increased over time in each state, with the percentage 
difference between 2004 and 2005 being statistically significant. 

Finally, compliance with the rules decreased in Pennsylvania over the 
2-year time period but went up in Oregon. 

There are two main criticisms of this study. First, as noted earlier, 
driver reports of sleepiness are not always of high quality. Second, there 
may have been other dynamics between 2003 and 2004 and 2005 that were 
not controlled for. 

Analysis of Risk as a Function of Driving-Hour:  
Assessment of Driving-Hours 1 Through 11  

(Hanowski et al., 2008)

This project was a naturalistic driving study of 98 CMV drivers (97 
males, 1 female, age range of 24-60). Data collection started in May 2004 
and was completed in September 2005. Study participants drove company 
trucks on their usual routes. Equipment, most of which was unobtrusive, 
was installed in 46 trucks to record the driver, the road ahead, and other 
data. The average number of weeks the drivers participated was 12.4. The 
final data set consisted of 2.3 million miles of driving data. Driving per-
formance was assessed through the occurrence of critical incidents, which 
included crashes, near-crashes, and crash-relevant conflicts. In addition, 
for some of the analyses, only those incidents in which the driver was 
viewed as being at fault were included.

Given the potential for subjectivity in the assessment of near-crashes 
and crash-relevant conflicts, the number of critical incidents varied in 
each of eight analyses carried out. Also, to adjust for the differences 
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in opportunities across driving hours, the frequency of critical inci-
dents in any given driving hour was divided by the total opportunities 
for that hour. 

One direct analysis of the frequency of critical incidents as a function 
of driving hour showed a visible spike in the relative frequency of critical 
incidents in the first driving hour, and this finding was consistent across 
the various analyses. There was no evidence of a time-on-task effect. A 
second analysis computed odds ratios using logistic regression models. 
The assumption of independence of incidents was not made for this 
analysis; instead, generalized estimating equations were used to account 
for correlations that might exist between and within drivers. This was 
done for all trips and conditional on trips that lasted the full 11 hours. In 
addition, there was evidence of a traffic-density effect. 

Investigation into Motor Carrier Practices to Achieve Optimal 
Commercial Motor Vehicle Driver Performance: Phase I  

(Von Dongen and Belenky, 2010)

The objective of this project was to determine the effectiveness of 
the 34-hour restart provision in the HOS regulations for CMV drivers. 
To this end, a sample of 27 healthy subjects were subjected to one of two 
protocols involving two 5-day work periods (14 hours per day), separated 
by a 34-hour restart period during which the driver transitioned back to 
a daytime wake, nighttime sleep schedule. The first group drove during 
the day and slept at night, while the second group drove at night and 
slept during the day. The primary outcome measure was the comparison 
between 10-minute psychomotor vigilance tests evaluated before and 
after the 34-hour restart. In addition, lane deviations were measured. 
Under both outcome measures, the 34-hour restart provision was more 
effective at mitigating the sleep loss for those working during the day 
than for those working at night. 

Near Crashes as Crash Surrogates for Naturalistic Driving Studies  
(Guo et al., 2010)

This analysis of the 100-car study (a large-scale naturalistic driving 
study described in Dingus et al. [2006]) examined whether safety-critical 
events are useful as crash surrogates. The 100-car study collected data on 
2 million vehicle-miles and 43,000 hours of driving. Crashes were defined 
as any contact with an object at any speed in which kinetic energy is 
measurably transferred or dissipated. A near-crash was defined as “any 
circumstance that requires a rapid, evasive maneuver by the participant 
vehicle, or any other vehicle, pedestrian, cyclist, or animal, to avoid a 
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crash.” The researchers detected such maneuvers by looking at the vehicle 
kinematic data. The primary measure on which they relied to assess the 
impact of a factor on traffic safety was the odds ratio, that is, the odds of 
the presence of a factor for safety events divided by the odds of its pres-
ence for baseline events. The authors state that a measure, in this case 
safety-critical events, is to be viewed as a surrogate measure when (1) the 
causal mechanisms are the same or similar for crashes, and (2) there is a 
strong association between the frequency of surrogate and primary mea-
sures. Based on results of a variety of analytic techniques, the report sug-
gests that safety-critical events are only somewhat effective as surrogates.

Hours of Service and Driver Fatigue: Driver Characteristic Research  
(Jovanis et al., 2011)

This study compared the effect of different driver HOS regulations on 
the odds of a crash. The analysis was based on crashes reported by the 
trucking companies that cooperated with the researchers involving either 
a fatality, an injury requiring medical treatment away from the scene of 
the crash, or a towaway. Driver logs for periods of 1-2 weeks prior to the 
crash were compared with those for two noncrash-involved drivers that 
were randomly selected from the same company, terminal, and month, 
using case-control logistic regression. Other covariates included cumu-
lative hours driving, driving patterns over multiple days, time of day, 
breaks during driving, and use of the 34-hour restart policy. Data from 
2004-2005 and 2010 were collected from a total of 1,564 truck drivers. 
Separate analyses were carried out for truckload and less-than-truckload 
freight modes of operation. The main results were as follows:

• Driving time was a statistically significant predictor of crash risk 
for the less–than-truckload drivers.

• Less-than-truckload data showed a pattern of increasing crash 
odds as driving time increased, with a consistent increase from 
hour 5 through hour 11.

• Truckload data showed significant interactions between some 
multiday driving patterns and increased crash risk between the 
seventh and eleventh hours.

• Driving breaks reduced crash risk for both types of drivers.
• Driving times that would have been a violation of the 34-hour 

restart provision—but were not since they occurred in 2010—
were associated with an increased risk of a crash. 

Issues with this study include the unclear validity of driver logs and 
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the omission from the logistic regression model of other covariates that 
are predictive of crash frequency, such as driver age and experience. 

An Assessment of Driver Drowsiness, Distraction, and  
Performance in a Naturalistic Setting  

(Barr et al., 2011)

Barr and colleagues (2011) conducted a reanalysis of a naturalistic 
driving study carried out by Hanowski and colleagues (2000) on local and 
short-haul truck drivers to determine causes of fatigued driving. A major 
difference was that in the original analysis, attention was given only to 
safety-critical events. In this study, the researchers identified incidents of 
driver fatigue or drowsiness that occurred during all periods of driving. 

The data examined consisted of 908 hours of footage (from five 
video cameras) on 41 drivers. The researchers reviewed the entire video 
library to code 3-minute durations defined either as baseline periods or 
as periods corresponding to the occurrence of a characteristic drowsiness 
behavior. The coding comprised “not drowsy, slightly drowsy, moderately 
drowsy, very drowsy, or extremely drowsy,” and was based on evidence 
of yawning, rubbing eyes, closing eyes, slow blinks, bobbling one’s head, 
and verbal announcement of drowsiness. The analysis encompassed 1,000 
such baseline and fatigue events. Baseline events were matched to fatigue 
events using road, weather, time of day, traffic, and other conditions and 
served as a control group in the statistical analysis. The potential predic-
tors available included years of driving experience, time of day of event, 
amount of time on duty, number of hours slept the previous night, actual 
sleep as measured by actigraphy, traffic density, number of lanes, the lane 
the driver was in, road type, road geometry, road conditions, weather, 
visibility, and illumination outside the vehicle. 

The analysis was stratified by the coded degree of fatigue. Logistic 
regression models (and some contingency table and regression models) 
were used to determine which factors explained the difference between 
the baseline and fatigued events. The findings were as follows: 

• Higher levels of fatigue were associated with younger drivers.
• Drowsiness was twice as likely to occur between 6:00 and 9:00 AM.
• Drivers were affected by fatigue and drowsiness in the early 

morning and near the end of their shift. 
• Thirty percent of all severe drowsy events occurred in the first 

hour of the work shift.
• The relationship between sleep quality or quantity and driver 

fatigue was fairly weak.
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• Undivided highways and poor visibility increase driver attention 
and reduce fatigue.

Besides the small sample size of volunteers, an important limitation 
of this study was its focus on local/short-haul truck drivers, who face 
different challenges from those faced by long-haul drivers. In particular, 
short-haul drivers typically do not drive at night, so the analysis could 
not address the impact of nighttime driving. 

The Impact of Driving, Non-Driving Work, and Rest Breaks on  
Driving Performance in Commercial Motor Vehicle Operations  

(Blanco et al., 2011)

This naturalistic driving study took place between November 2005 
and March 2007. The study included 97 drivers (aged 21-73) with an 
average of 9 years of experience driving commercial motor vehicles. The 
 drivers were employees of four for-hire trucking companies, and repre-
sented both long-haul operations and drivers that returned home most 
nights. 

The drivers drove instrumented trucks during their usual routes 
for 4 weeks. Nine trucks were fitted with video cameras trained on the 
driver’s face, on the steering wheel, and outside of the truck, and addi-
tional sensors measured other aspects of the driver’s actions. Driver per-
formance was assessed through the occurrence of safety-critical events, 
which were defined as crashes, near-crashes, and crash-relevant conflicts, 
as well as unintentional lane deviations. In addition, each driver was 
asked to fill out a daily register that included on-duty and off-duty activi-
ties for the 4 weeks of the study.

The results, based on descriptive statistics, odds ratios, and negative 
binomial regression models, were as follows. First, drivers spent 66 per-
cent of their workday driving and 23 percent doing paperwork, loading 
or unloading, or performing other work activities. Second, using driv-
ing hour as a continuous variable in a mixed-effects negative binomial 
regression model to model the number of safety-critical events, Blanco 
and colleagues (2011) showed a statistically significant effect for time on 
task. Looking at the effects of individual driving hours pairwise, some of 
this effect stemmed from the fact that the eleventh hour had significantly 
more safety-critical events than the first and second hours, although there 
was no statistically significant difference between the effects for the tenth 
and eleventh hours. On the other hand, an analysis that involved count-
ing only whether a safety-critical event had or had not occurred found no 
significant differences as a function of driving hour, although an analysis 
of the rate of occurrence of such events as a function of shift duration did 
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show a significant increase as shifts grew longer, an effect that lasted into 
the fourteenth work hour. In addition, when nondriving activities were 
introduced during the driver’s shift, such breaks significantly reduced 
the risk of safety-critical events for the first hour after the break. Finally, 
it should be noted that the spike observed during the first hour of driving 
in Hanowski et al. (2008) was not seen in this study.

Motorcoach Driver Fatigue Study, 2011  
(Belenky et al., 2012)

This study examined whether commercial motorcoach drivers were 
working within the limits set by the HOS regulations. Data were collected 
on duty start times, total duty time per 24 hours, and total sleep time per 
24 hours. Driver performance and degree of fatigue were measured and 
related to those predictors. 

Eighty-four motorcoach drivers working for charter, tour, regular 
route, or commuter express carriers were studied for 31 consecutive days. 
During this time, they kept to their normal work/rest schedules. All 
drivers maintained a duty/sleep diary. Actigraphy devices were used to 
measure sleep/wake times, so that sleep variables could be assessed. To 
measure performance, drivers were administered a psychomotor vigi-
lance test when going on and off duty and before and after breaks during 
the day. The Samn-Perelli Fatigue Scale and the Karolinska Sleepiness 
Scale were used to measure subjective sleepiness when the drivers were 
going on and off duty and before and after breaks. Unfortunately, baseline 
measures of fatigue were not available. 

It was found that drivers drove an average of 43 hours per week. 
Total time on duty per day averaged slightly more than 9 hours and rarely 
exceeded the regulatory limit of 15 hours. Mean actigraphically collected 
total sleep duration was 7 to 9 hours. In general, drivers worked within 
the limits of the current HOS regulations and balanced the demands of 
work and family to obtain sufficient sleep.

Effect of Circadian Rhythms and Driving Duration on Fatigue Level 
and Driving Performance of Professional Drivers  

(Zhang et al., 2014)

This naturalistic study examined the interplay among circadian 
rhythms, drive time, drive duration, fatigue, and driver performance. 
Fifteen middle-aged professional daytime drivers (using private vehicles 
with automatic transmission) were randomized to driving one of three 
schedules: (1) one group started driving at 9 AM, (2) a second group 
started at noon, and (3) a third group started at 11 PM. Each group drove 
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for 6 hours. Drivers reported their rating on the Karolinska Sleepiness 
Scale every 5 minutes while driving so that fatigue could be assessed. 
Measurements of steering and lane position were taken regularly as well. 

The results were as follows: (1) both circadian rhythms and increas-
ing drive duration (between 0 and 6 hours) had significant effects on 
fatigue levels, and fatigue levels increased more rapidly in the evening 
group; (2) drivers were most likely to feel tired between 2 and 4 AM 
and between 2 and 4 PM; and (3) the group that was most tired was the 
evening group. 

Asleep at the Wheel: The Prevalence and Impact of Drowsy Driving 
 (Tefft, 2010)   

Prevalence of Motor Vehicle Crashes Involving Drowsy Drivers,  
United States, 2009-2013  

(Tefft, 2014)

NHTSA’s National Automotive Sampling System Crashworthiness 
Data System (NASS CDS) is a nationally representative sample of police-
reported crashes. The first of these studies (Tefft, 2010) used NASS CDS 
data for 1999 to 2008 on crashes involving passenger vehicles that were 
towed from the crash scene, which represented 80,821 vehicles involved 
in 47,597 crashes. The researchers found that “3.9 percent of all those 
crashes, 7.7 percent of those that resulted in at least one person being 
admitted to a hospital, and 3.6 percent of those that resulted in death 
involved a driver who was coded as drowsy. However, the attention sta-
tus of 45 percent of the drivers in the data was unknown.” To address this 
degree of uncertainty, imputation was used to estimate the drowsy status 
of the remaining drivers. The result was “an estimated 7.0 percent of all 
crashes in which a passenger vehicle was towed, 13.1 percent of crashes 
that resulted in a person being admitted to a hospital, and 16.5 percent 
of fatal crashes involved a drowsy driver.” Drowsiness was determined 
on the basis of information from “interviews conducted by NASS CDS 
investigators with crash-involved occupants from police reports.” The 
imputation used the following covariates: maximum injury, driver injury 
severity, number of vehicles in crash, pre-event maneuver, crash type, day 
of week, hour of day, traffic flow, number of passengers, driver age, driver 
gender, light condition, relation to intersection, roadway alignment, speed 
limit, number of lanes, surface conditions, precrash critical event, vehicle 
disposition, year, stratum, and primary sampling unit. Among crashes 
in which the driver was fatally injured, information on attention was 
missing for 92 percent. Therefore, for inferences about crashes fatal to the 
driver, 92 percent of fatigue status was imputed.
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This study has the following weaknesses. First, it involved only pas-
senger vehicles (a weakness only for drawing inferences about CMV 
crashes). Second, the validity of assessing drowsiness from interviews 
is unclear. Finally, the imputation model was not validated, and it was 
extensively employed. 

The second of these studies (Tefft, 2014) is an update of the previous 
study using data for 2009 to 2013. Instead of the above percentages related 
to crash severity of 7.0, 13.1, and 16.5 percent, the respective percentages 
in this later study were 6.0, 13, and 21 percent. 

Summary

Table 7-1 summarizes the above studies.
HOS regulations need to take into account the trade-off between the 

economic advantages of transporting goods more quickly and the dis-
advantages of increasing crash risk. Given that, it would be helpful to 
make this trade-off as explicit as possible by linking increases in crash 
risk to increases in the number of hours of service permitted. However, 
given the multivariate causal structure of crashes, such a construct can be 
provided only by fixing all the other causal factors at levels that rarely if 
ever obtain, and therefore, such a statement would not be useful to sup-
port the development of policies.

Two Relevant Meta-Analyses Concerning Obstructive 
Sleep Apnea as a Fatigue-Related Risk Factor

Two important recent meta-analyses provide useful summaries of the 
literature on how obstructive sleep apnea (OSA) affects crash risk.

Tregear and colleagues (2009b) performed a meta-analysis to under-
stand the degree to which CMV drivers with OSA are at an increased risk 
of crashes compared with drivers without OSA. They selected 18 studies 
satisfying a variety of criteria for analysis. They found that drivers with 
OSA had a 1.21 to 4.89 times higher crash risk compared with drivers 
without OSA. In addition, the 18 studies indicated that factors associ-
ated with increased crash risk for drivers with OSA are body mass index, 
apnea/hypopnea index, and oxygen saturation. 

Tregear and colleagues (2009a) performed a meta-analysis of the 
impact of the use of continuous positive airway pressure (CPAP) treat-
ment on motor vehicle crash risk for automobile and CMV drivers with 
OSA. Nine studies met their criteria. They found that CPAP use signifi-
cantly reduced crash risk following treatment, with a 95 percent confi-
dence interval of 0.22, 0.35. 
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TABLE 7-1 Summary of Studies on Hours of Service, Fatigue, and 
Crash Risk

Study Author(s)
Data Source/Data 
Collection Method

Corresponding 
Years Dependent Variable Analyses Findings Caveats

Stein and Jones (1988) Crash reports 
from Washington 
State and random 
inspections

1984-1986 Crash rate Logistic regression 
case control

Driving in excess of 8 hours 
results in a 1.8 times greater 
crash risk 

Driver fatigue measured 
indirectly by time on task 
through logbook data

National Traffic Safety 
Board (1990)

Crash reports in 8 
states augmented 
by investigators

1987-1988 Fatal-to-the-driver 
crash rate

Frequencies Fatigue cited as cause in 31 
percent of sample

Driver fatigue assessed by 
investigators’ reconstruction

Wylie et al. (1996) Naturalistic 
driving study

1993 Driver fatigue as 
measured by lane 
tracking, etc.; EEG; 
PVT

Means, frequencies Time of day important; 
drowsiness greatest during 
night driving

Confounded design

Balkin et al. (2000) Actigraphy 1997 Potential fatigue 
as measured by 
actigraphy; also 
included simulator 
study

Analysis of variance Both long- and short-haul 
drivers often get 7.5 hours of 
sleep per 24 hours

Some driver populations 
not subject to substantial 
sleep loss

Battelle-Seattle 
Research Center (2000)

Naturalistic 
driving study

1994-1995 Lane deviations Analysis of variance Driving triple trailers adds 
to fatigue

Small sample; many 
possible confounders 
omitted

Connor et al. (2002) Crash 
investigations, 
interviews 

1998-1999 Driver ratings of 
sleepiness; risk of 
serious crash

Logistic regression 
case control

Strong association between 
sleepiness and crash rate

Much missing data; driver 
recall bias re sleep obtained

Federal Motor Carrier 
Safety Administration 
(2006), Starnes (2006)

Crash 
investigations, 
interviews

2001-2003 Fatal truck crash 
data, critical event 
for each crash 

Frequencies 7 to 13% of crashes 
associated with sleep 
shortage

Driver fatigue is assessed 
indirectly as critical events 
at crash sites

McCartt et al. (2008) Personal interviews 2003-2005 Interview data on 
fatigued driving, 
sleep obtained 

Frequencies, means Drivers reported more 
sleep obtained under new 
HOS regulations; dozing 
increased with change in 
HOS regulations

Interview self-reporting on 
fatigue

Hanowski et al. (2008) Naturalistic 
driving study

2004-2005 Frequency of safety-
critical events

Frequencies, logistic 
regression with 
generalized estimating 
equations

First driving hour is most 
risky; also time-of-day effect 
and traffic density effect

Some safety-critical events 
may not be evidence of 
fatigue
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TABLE 7-1 Summary of Studies on Hours of Service, Fatigue, and 
Crash Risk

Study Author(s)
Data Source/Data 
Collection Method

Corresponding 
Years Dependent Variable Analyses Findings Caveats

Stein and Jones (1988) Crash reports 
from Washington 
State and random 
inspections

1984-1986 Crash rate Logistic regression 
case control

Driving in excess of 8 hours 
results in a 1.8 times greater 
crash risk 

Driver fatigue measured 
indirectly by time on task 
through logbook data

National Traffic Safety 
Board (1990)

Crash reports in 8 
states augmented 
by investigators

1987-1988 Fatal-to-the-driver 
crash rate

Frequencies Fatigue cited as cause in 31 
percent of sample

Driver fatigue assessed by 
investigators’ reconstruction

Wylie et al. (1996) Naturalistic 
driving study

1993 Driver fatigue as 
measured by lane 
tracking, etc.; EEG; 
PVT

Means, frequencies Time of day important; 
drowsiness greatest during 
night driving

Confounded design

Balkin et al. (2000) Actigraphy 1997 Potential fatigue 
as measured by 
actigraphy; also 
included simulator 
study

Analysis of variance Both long- and short-haul 
drivers often get 7.5 hours of 
sleep per 24 hours

Some driver populations 
not subject to substantial 
sleep loss

Battelle-Seattle 
Research Center (2000)

Naturalistic 
driving study

1994-1995 Lane deviations Analysis of variance Driving triple trailers adds 
to fatigue

Small sample; many 
possible confounders 
omitted

Connor et al. (2002) Crash 
investigations, 
interviews 

1998-1999 Driver ratings of 
sleepiness; risk of 
serious crash

Logistic regression 
case control

Strong association between 
sleepiness and crash rate

Much missing data; driver 
recall bias re sleep obtained

Federal Motor Carrier 
Safety Administration 
(2006), Starnes (2006)

Crash 
investigations, 
interviews

2001-2003 Fatal truck crash 
data, critical event 
for each crash 

Frequencies 7 to 13% of crashes 
associated with sleep 
shortage

Driver fatigue is assessed 
indirectly as critical events 
at crash sites

McCartt et al. (2008) Personal interviews 2003-2005 Interview data on 
fatigued driving, 
sleep obtained 

Frequencies, means Drivers reported more 
sleep obtained under new 
HOS regulations; dozing 
increased with change in 
HOS regulations

Interview self-reporting on 
fatigue

Hanowski et al. (2008) Naturalistic 
driving study

2004-2005 Frequency of safety-
critical events

Frequencies, logistic 
regression with 
generalized estimating 
equations

First driving hour is most 
risky; also time-of-day effect 
and traffic density effect

Some safety-critical events 
may not be evidence of 
fatigue

continued
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Study Author(s)
Data Source/Data 
Collection Method

Corresponding 
Years Dependent Variable Analyses Findings Caveats

Van Dongen and 
Belenky (2010)

Naturalistic 
driving

2008-2009 Lane deviations, 
PVT

Frequencies, means 34-hour restart, day work 
shift, nighttime sleep 
effective at mitigating sleep 
loss, but work at night, sleep 
in day not so effective

Small sample size; many 
potential confounding 
factors

Guo et al. (2010) Naturalistic 
driving study

2008 Safety-critical events 
and crashes in cars

Odds ratios and 
Poisson regression

Safety-critical events 
sometimes are effective 
surrogates, sometimes not

Combining safety-critical 
events of different types 
may complicate inference

Jovanis et al. (2011) Company crash 
data

2004-2005, 
2010

Crash risk Logistic regression 
case control

Driving time was a 
significant predictor of crash 
risk for less-than-truckload 
trucks

Paper logs are of uncertain 
quality; no treatment of 
several confounding factors

Barr et al. (2011) Naturalistic 
driving study

2000 Degree of fatigue 
assessed by 
observation

Reanalysis of previous 
study; logistic 
regression case control

Fatigue associated with 
young drivers, driving 
between 6 and 9 AM, and 
when starting out

Small sample size; focus 
on local/short-haul truck 
drivers

Blanco et al. (2011) Naturalistic 
driving study

2005-2007 Safety-critical events Frequencies, odds 
ratios, negative 
binomial regression

Rate of safety-critical events 
increases with time on task; 
breaks are beneficial

Small sample size; safety-
critical events are uncertain 
surrogates

Belenky et al. (2012) Naturalistic 
driving study 
(quasi)

2011 PVT, total time on 
duty, total time 
asleep

Means Motorcoach drivers function 
well under current HOS 
regulations

Mixed types of motorcoach 
drivers; no accounting for 
some confounding factors

Zhang et al. (2012) Naturalistic 
driving study, 
random allocation 
into treatments

2011 (China) Karolinska 
Sleepiness Scale, 
lane position, 
steering behavior

Means Fatigue is affected by 
circadian rhythms and by 
drive duration

Small sample size

Tefft (2010, 2014) Automobile crash 
data

1999-2008 Police reports of 
crash frequency in 
automobiles

Frequencies 16.5% of fatal crashes 
involved a drowsy driver

Assessment of fatigue by 
interview; much missing 
data

NOTES: EEG = electroencephalogram; HOS = hours-of-service; PVT = psychomotor vigi-
lance test.

TABLE 7-1 Continued
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Study Author(s)
Data Source/Data 
Collection Method

Corresponding 
Years Dependent Variable Analyses Findings Caveats

Van Dongen and 
Belenky (2010)

Naturalistic 
driving

2008-2009 Lane deviations, 
PVT

Frequencies, means 34-hour restart, day work 
shift, nighttime sleep 
effective at mitigating sleep 
loss, but work at night, sleep 
in day not so effective

Small sample size; many 
potential confounding 
factors

Guo et al. (2010) Naturalistic 
driving study

2008 Safety-critical events 
and crashes in cars

Odds ratios and 
Poisson regression

Safety-critical events 
sometimes are effective 
surrogates, sometimes not

Combining safety-critical 
events of different types 
may complicate inference

Jovanis et al. (2011) Company crash 
data

2004-2005, 
2010

Crash risk Logistic regression 
case control

Driving time was a 
significant predictor of crash 
risk for less-than-truckload 
trucks

Paper logs are of uncertain 
quality; no treatment of 
several confounding factors

Barr et al. (2011) Naturalistic 
driving study

2000 Degree of fatigue 
assessed by 
observation

Reanalysis of previous 
study; logistic 
regression case control

Fatigue associated with 
young drivers, driving 
between 6 and 9 AM, and 
when starting out

Small sample size; focus 
on local/short-haul truck 
drivers

Blanco et al. (2011) Naturalistic 
driving study

2005-2007 Safety-critical events Frequencies, odds 
ratios, negative 
binomial regression

Rate of safety-critical events 
increases with time on task; 
breaks are beneficial

Small sample size; safety-
critical events are uncertain 
surrogates

Belenky et al. (2012) Naturalistic 
driving study 
(quasi)

2011 PVT, total time on 
duty, total time 
asleep

Means Motorcoach drivers function 
well under current HOS 
regulations

Mixed types of motorcoach 
drivers; no accounting for 
some confounding factors

Zhang et al. (2012) Naturalistic 
driving study, 
random allocation 
into treatments

2011 (China) Karolinska 
Sleepiness Scale, 
lane position, 
steering behavior

Means Fatigue is affected by 
circadian rhythms and by 
drive duration

Small sample size

Tefft (2010, 2014) Automobile crash 
data

1999-2008 Police reports of 
crash frequency in 
automobiles

Frequencies 16.5% of fatal crashes 
involved a drowsy driver

Assessment of fatigue by 
interview; much missing 
data

NOTES: EEG = electroencephalogram; HOS = hours-of-service; PVT = psychomotor vigi-
lance test.
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RESEARCH NEEDS

Chapter 10 suggests methodological directions for research on the 
relationship between fatigue among CMV drivers and highway safety. 
Foreshadowing that discussion, the following is a list of deficiencies that 
need to be addressed, some methodological and some substantive (and 
some not covered in Chapter 10):

• Either more experimental control of important variables is neces-
sary for various confounding factors, or these factors need to be 
addressed after data collection using techniques such as propen-
sity scoring.

• More research is needed on the relationship among HOS regula-
tions, driver fatigue, and crash risk for bus drivers.

• More research is needed to disentangle the effects of different 
causes of fatigue—sleep deprivation; chronic lack of sleep; circa-
dian displacement; times on task; and medical conditions, includ-
ing OSA. 

• More research is needed on how drivers decide how to address 
their sleepiness while driving, that is, what do they do while driv-
ing after determining that they are fatigued.

• More research is needed on the benefits of CPAP as treatment for 
CMV drivers with OSA; perhaps safe studies might be conducted 
in driving simulators.
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This chapter begins by describing what is known about the link-
ages between fatigue and health. Following a brief summary of 
the medical certification of the health of commercial motor vehicle 

(CMV) drivers, the discussion turns to a medical condition that has been 
the subject of a great deal of attention with respect to the health of CMV 
drivers and the implications for highway safety—obstructive sleep apnea 
(OSA). The discussion addresses OSA among CMV drivers, the asso-
ciation of severe OSA with increased crash risk, treatment of OSA with 
positive airway pressure (PAP) devices, and medical examination policy 
for drivers regarding OSA. Next, the chapter reviews non-OSA medical 
conditions among CMV drivers and the linkages between lifestyle factors 
and drivers’ health. The final section reviews current fatigue and health 
and wellness management programs for CMV drivers.

LINKAGES BETWEEN FATIGUE AND HEALTH1

As mentioned in the statement of task for this study (see Box 1-1 
in Chapter 1), the panel was to “assess the relationship of these factors 
[hours of driving, hours on duty, and periods of rest] to drivers’ health 
over the longer term.” 

1 Here, as is true throughout this report, the term fatigue is used although the discussion in 
Chapter 3 supports focusing on insufficient sleep, a primary component of fatigue.

8

Fatigue and Health and Wellness
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A substantial evidence base supports the fundamental relationship 
between sleep needs and health risks. According to the report Sleep Dis-
orders and Sleep Deprivation: An Unmet Public Health Problem (Institute of 
Medicine, 2006), “The cumulative long-term effects of sleep loss and sleep 
disorders have been associated with a wide range of deleterious health 
consequences including an increased risk of hypertension, diabetes, obe-
sity, depression, heart attack, and stroke. After decades of research, the 
case can be confidently made that sleep loss and sleep disorders have 
profound and widespread effects on human health.” In its Mortality and 
Morbidity Weekly Report of March 4, 2011 (Buxton et al., 2010; Strine and 
Chapman, 2005), the Centers for Disease Control and Prevention (CDC) 
states, “Sleep impairment is linked as a contributing factor to motor 
vehicle crashes, industrial disasters, and medical and other occupational 
errors. Persons experiencing sleep insufficiency are more likely to have 
chronic diseases such as cardiovascular disease, diabetes, depression, or 
obesity.” Further, a recent survey by Czeisler (2015) summarizes the link-
ages between fatigue and many of the health problems exhibited by truck 
and bus drivers: 

. . . in the 15 years since Eve Van Cauter and her colleagues at the Uni-
versity of Chicago discovered that sleep deficiency adversely impacts 
metabolic and endocrine functions, it has been demonstrated unequivo-
cally that the duration, timing, and quality of sleep also critically affect 
physical health, mental health, performance, and safety. Thus it is clear 
that sleep is critical not just for optimal brain functioning but also for 
optimal functioning of the body as well. . . .
 Rigorous physiological studies have demonstrated that just a week 
or two of sleep curtailment increases appetite and food intake, decreases 
insulin sensitivity and glucose tolerance, . . . degrades the ability to re-
sist infection, disturbs mood, increases the vulnerability to attentional 
failures, and when combined with prior chronic circadian disruption, 
impairs pancreatic β-cell responsiveness. Concurrently, epidemiologic 
studies have revealed that habitually short sleepers have an increased 
prevalence of obesity; . . . that habitually short and habitually long 
 sleepers are at increased risk for incident calcification of the coronary 
 arteries, incident coronary heart disease, incident type 2 diabetes, in-
cident stroke, and death. . . . During the same time interval, emerg-
ing evidence that chronic exposure to recurrent disruption of sleep and 
 circadian timing induced by night shift work increases the risk of breast 
cancer, endometrial cancer, colorectal cancer, and prostate cancer. . . . 
Moreover, extended duration (> 24 hours) work shifts have been associ-
ated with poorer performance on clinical tasks, and increased risks of 
serious medical errors, preventable adverse events, self-inflicted percu-
taneous injuries, and motor vehicle crashes among resident physicians. 
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. . . Epidemiologic studies reveal that night shift work is associated with 
increased odds of obesity; a 5-fold increase in the risk of progressing 
from impaired glucose tolerance to diabetes; an increased risk of blood 
pressure elevation; incident hypertension; incident coronary heart dis-
ease, including fatal and nonfatal myocardial infarctions; and that a 
decade of exposure to shift work chronically impairs cognition.

It is important to be clear that the causal arrow can go in both direc-
tions, with fatigue raising the risks of many health problems and some 
health problems raising the risks of fatigue. To take an important example, 
as Czeisler (2015) argues, fatigue may increase the risk of obesity, and obe-
sity can increase the potential for OSA, which can cause fatigue. Further, 
it is obvious that some obesity is not caused by fatigue, and some fatigue 
is not caused by obesity. For example, the unhealthy work conditions of 
many truck driving situations can lead to adverse health consequences, 
including obesity, which can occur regardless of whether drivers obtain 
sufficient sleep. More generally, the precise degree to which a shortage of 
sleep results in poor health or poor health leads to a shortage of sleep is 
unknown. The key point is that the two have an important interaction. 
This interaction warrants examining what efforts are being made to edu-
cate truck and bus drivers about these linkages and to motivate them to 
make changes that can reduce the incidence of these various health prob-
lems. Further, it is of particular interest in the present context to consider 
how such interventions can be evaluated.

Conclusion 1: Insufficient sleep can increase the risk of developing 
various health problems, including obesity, diabetes, hypertension, and 
cardiovascular disease, all of which can impact an operator’s level of 
alertness while driving and potentially impact crash risk.

MEDICAL CERTIFICATION OF THE HEALTH OF CMV DRIVERS

An unhealthy driver behind the wheel of a commercial motor vehicle 
compromises the safety of the driver and general public. To address this 
issue, the Federal Motor Carrier Safety Administration (FMCSA) requires 
that CMV drivers operating in interstate commerce maintain a current 
medical examiner’s certificate to drive. CMV drivers must be examined at 
least every 2 years by a certified medical examiner to ensure that they are 
fit to operate their vehicle without risk of sudden or gradual impairment 
or incapacitation. Following this medical exam, the medical examiner can 
certify the driver for up to 2 years, disqualify the driver, or impose various 
intermediate actions.
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Medical examiners follow a set of 13 federal medical standards when 
conducting the medical exam.2 Of these 13 standards (which have been 
in effect, with only minor changes, since 1971), the following 4 result in 
suspension of the commercial driver’s license (CDL) unless the driver 
has been granted an exemption by FMCSA: (1) insulin-requiring diabetes, 
(2) seizures requiring the use of antiseizure medication, (3) vision require-
ments, and (4) hearing requirements. The certification determinations for 
the other 9 standards are left to the discretion of the medical examiner. 
Certification determinations for certain medical conditions also are left to 
the discretion of the medical examiner, with FMCSA offering guidance 
on many such conditions. The difference between medical standards/
regulations and medical guidelines is that medical standards must be met 
by CMV drivers and are to be verified by the medical examiner, whereas 
medical guidelines (including advisory criteria and medical conference 
reports) are suggestions for best practices to be utilized by the medical 
examiners. Medical standards and medical guidance issued by FMCSA 
are included in the Medical Examiner Handbook, the primary reference tool 
for medical examiners (see the discussion of this and other resources in 
the next section).3 

OBSTRUCTIVE SLEEP APNEA 

OSA is a health condition in which the airway becomes partially 
blocked during sleep, resulting in frequent awakenings. As a result, the 
person experiences daytime sleepiness. OSA is linked to other medical con-
ditions, such as diabetes and various cardiovascular diseases (see Surani, 
2014). Its severity is judged using the apnea-hypopnea index (AHI), which 
measures the number of awakenings or hypopneas one experiences per 
hour of sleep (Ruehland et al., 2009). According to Snyder (2013), “Mild 
OSA is present when the AHI is between 5 and 15 and OSA symptoms 
exist. This means the person has episodes of delayed breathing five to 
fifteen times in an hour. Many people with AHIs in this range have no 
symptoms at all. Moderate OSA is defined as an AHI between 15 and 30, 

2 The 13 standards can be found at https://www.fmcsa.dot.gov/regulations/title49/ 
section/391.41 [March 2016].

3 Until recently, medical examiners had the FMCSA-issued Medical Examiner Handbook, as 
well as Frequently Asked Questions and interpretations of the regulations. The Medical Ex-
aminer Handbook was removed from the FMCSA website in early 2015 for update, although 
most examiners still use it as a resource. Examiners can also refer to recommendations of the 
Medical Expert Panel on Obstructive Sleep Apnea and the Medical Review Board (MRB), 
although these recommendations have not been adopted or accepted by FMCSA. The MRB, 
established in 2006 by FMCSA, comprised several practicing physicians, chosen from a field 
of many qualified candidates, with a wide variety of expertise and experience.
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regardless of the presence of symptoms, while an AHI greater than 30 is 
termed severe OSA.” It should be noted that these categorizations are arbi-
trary and are unrelated to a specific degree of performance impairment. 

Pack and colleagues (2002) measured a random sample of CDL 
 holders within 50 miles of the University of Pennsylvania and found that 
17.6 percent had mild OSA, 5.8 percent had moderate OSA, and 4.7 per-
cent had severe OSA. A study by Berger and colleagues (2012) involved 
administering a computer-based screening instrument to 19,371 drivers 
across three trucking firms, 5,908 (30%) of whom were classified as at high 
risk for OSA. Of those, a random 2,103 underwent polysomnography, and 
68 percent of them had an AHI greater than 10. This finding suggests that 
at least 20 percent of CMV drivers (.68 × 5,908/19,371) have at least mild 
OSA. What is more difficult to establish is the extent to which varying 
degrees of OSA are associated with different degrees of impaired perfor-
mance for CMV drivers. 

Increased Risk of Crashes for  
Commercial Motor Vehicle Drivers with OSA

A substantial research literature supports the conclusion that severe 
OSA—that is, OSA with an AHI over 30—is associated with increased 
crash risk for the nonprofessional driver. Some of the major contribu-
tors to this literature include Aldrich (1989), Findley et al. (2000), George 
and Smiley (1999), Teran-Santos et al. (1999), and Wu and Yan-Go (1996). 
(See Smolensky et al. [2011] for a summary of studies analyzing the 
relationship between OSA and frequency of crashes.) The reason for this 
increased crash risk is that OSA causes cognitive dysfunction, due largely 
to sleep fragmentation (Bedard et al., 1993; Day et al., 1999; Deaconson 
et al., 1988; Drummond et al., 2000; Feuerstein et al., 1997; Kaneko et al., 
2003; Kim et al., 1997).

Besides fatigue, the cumulative effects on the brain of chronic 
repeated nocturnal hypoxic episodes may cause irreversible cognitive 
deficits (Bedard et al., 1993; Nowak et al., 2006). Evidence indicates that 
some individuals with OSA are unaware of their cognitive impairment or 
even of being drowsy (Dement et al., 1978; Engleman et al., 1997). Several 
studies have shown little or no correlation between an OSA patient’s per-
ception of sleepiness and motor vehicle crash history (Barbe et al., 1998; 
Horstmann et al., 2000; Teran-Santos et al., 1999; Yamamoto et al., 2000; 
Young et al., 1997). Because of this lack of insight, these individuals are 
less likely to restrict themselves from driving than drivers who are more 
aware of being drowsy, despite being at increased risk for a crash.

Tregear and colleagues (2009b) performed a systematic review and 
meta-analysis of 18 studies drawn from seven databases described in 
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those sources. Two of these 18 studies examine the association between 
OSA and crash risk for CMV drivers, while the rest are focused on passen-
ger car drivers. Nine of the studies provide data on the relative incidence 
of crashes among comparable individuals with and without the disorder. 
Pooling of these data revealed that the mean crash risk ratio associated 
with OSA was likely to fall within the range of 1.30 to 5.72. Thus, if the 
underlying crash risk for a driver is 0.08 crashes per person-year, the crash 
risk for a driver with OSA can be expected to be in the range of 0.10 to 
0.46 crashes per person-year. A series of sensitivity analyses was used to 
establish the robustness of these results to various assumptions. While the 
quality of the individual studies is not high, the data are qualitatively con-
sistent, making it unlikely that future studies will contradict the finding 
that nonprofessional drivers with OSA are at increased risk for a motor 
vehicle crash. The strength of this conclusion results from the different 
environments and situations tested and methods used.

The question then is whether there also is an increased risk for crashes 
among CMV drivers with severe OSA (and what that increased risk is). 
A finding regarding CMV drivers reported by Tregear and colleagues 
(2009b) is that as “a group, drivers with OSA are at an increased risk for 
a motor vehicle crash when compared with comparable drivers who do 
not have the disorder even though a precise estimate of the magnitude of 
this increased risk could not be determined.” An argument might be made 
that definitive proof of an elevated crash risk among CMV drivers with 
OSA of a given hypopnea level can come only from a randomized con-
trolled trial examining whether untreated OSA is associated with a higher 
risk of crashing. Such a study, however, is not feasible; it would also be 
unethical. Once professional drivers have been diagnosed with OSA, 
they must initiate treatment by using a PAP device, or they cannot con-
tinue driving. Therefore, professional drivers with OSA cannot legally or 
ethically be tested on the open road unless their OSA is addressed. (Such 
studies could be conducted in driving simulators with, say, a 2-week 
confinement, in which the drivers’ sleep environment and schedule were 
controlled; see O’Neill et al. [1999].) The same barriers would forbid the 
testing of CMV drivers with OSA to assess the benefits of PAP devices in 
reducing crash risk. 

There are reasons to believe that nonprofessional and CMV drivers 
would differ in their response to OSA. They certainly are different popu-
lations of drivers and faced with different tasks, so the hypothesis that 
CMV drivers with OSA are not at increased risk needs to be considered 
seriously. Professional drivers may take more naps when needed, they 
may orient their schedules to allow for more rest, they may ingest greater 
amounts of caffeine, or they may avoid congested areas when they feel 
tired. On the other hand, CMV drivers often drive longer hours and often 
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are older than the average noncommercial driver studied. Evidence also 
suggests that, relative to noncommercial drivers, they suffer from more 
ailments that could increase their degree of fatigue. Evidence that could 
be used to reject the notion that there is a difference between the two 
categories of drivers would support the hypothesis that the findings for 
nonprofessional drivers of passenger cars can be transferred to profes-
sional drivers of trucks and buses. Conversely, evidence that professional 
drivers take actions such as those cited above more often or more effec-
tively relative to nonprofessional drivers would support the notion that 
there is no increased risk of crashes among the former group.4 

The panel did not find credible evidence that actions to counter 
fatigue are taken more often or more effectively by CMV drivers. How-
ever, an unpublished study by Schneider National found that the crash 
frequency among drivers using PAP devices was reduced compared with 
their previous crash record.5 In addition, literature on somewhat analo-
gous populations, such as railroad engineers, those in charge of ships, 
and airline pilots, provides evidence that OSA is a factor in increased risk 
of mistakes and that use of PAP devices reduces that risk (see, e.g., Quan 
and Barger, 2015). 

Finally, it can be argued that the absence of proof is not proof of the 
converse. Unless good studies show that CMV drivers with severe OSA 
are not at increased risk of crashes, it is a principle of preventive medicine 
and a reasonable precaution to accept that the parallel work among gen-
eral drivers applies to CMV drivers as well. Increasingly, observational 
science is being held to an impossible standard—either it is proven that 
the adverse event occurs in the “exact” population of interest, or there is 
considered to be no proof. The panel believes many preventable losses 
will be suffered if a very narrow view of what constitutes an evidence 
base is used to argue that only evidence that is direct and not indirect is 
sufficient.

The panel notes that the relationship between degree of OSA and 
increase in crash risk is likely represented by a smooth response curve, 
such that those drivers with mild OSA have little or no greater risk of 
crashes than drivers without OSA. Therefore, it would be extremely help-
ful if in the future, the research literature could be more precise about the 
level of OSA being considered. 

4 The severity of the crash is a factor that can impact findings on the association between 
OSA and crash risk. Stevenson and colleagues (2014) carried out a case-control study using 
survey questionnaire data and found that OSA was not associated with nonfatal, nonsevere 
crashes.

5 Presentation by Don Osterberg, Schneider National to the Panel on Research Methodolo-
gies and Statistical Approaches to Understanding Driver Fatigue Factors in Motor Carrier 
Safety and Driver Health in Washington, D.C., on May 28, 2014.



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

138 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

Conclusion 2: Based on the evidence on drivers who are not commercial 
motor vehicle drivers, obstructive sleep apnea is known to increase crash 
risk, and there is no evidence base or compelling reason for thinking 
that the same would not also be true among commercial motor vehicle 
drivers.

Treatment for OSA

The only treatment for OSA besides weight loss that has shown wide-
spread efficacy is the use of positive airway pressure (PAP) devices. For 
nonprofessional drivers with OSA, use of such devices is associated with 
a reduced risk of crashes compared with those with OSA who do not use 
such devices (Cassel et al., 1996; Findley et al., 2000; George and Smiley, 
2001; Tregear et al., 2009b). A key question, then, is whether the use of PAP 
devices also reduces the risk for CMV drivers, and if so, to what extent? 

As in the case of linking OSA and crash risk, while studies linking 
PAP use to decreased crash risk have some limitations, the panel believes 
the finding of reduced risk for nonprofessional drivers can be strongly 
supported. However, there is not a substantial literature directly showing 
that the same assertion can be made for CMV drivers (with a given degree 
of hypopnea). 

Conclusion 3: Better understanding is needed of the effects of treat-
ing obstructive sleep apnea in commercial motor vehicle drivers with 
positive airway pressure (PAP) therapy with respect to the amount and 
quality of sleep they obtain and their cognition and driver performance 
following PAP treatment sessions. 

A major complication is that acceptance of and adherence to PAP 
therapy is a problem for many patients (Kribbs et al., 1993; Weaver et 
al., 1997). Moreover, the amount of PAP use needed to produce clinically 
meaningful improvements in real-world sleep, cognition, and behavior 
remains unclear (Gay et al., 2006).

Medical Examination Policy Regarding OSA

FMCSA’s current medical examination policy for CMV drivers states, 
“A person is physically qualified to drive a motor vehicle if that person 
has no established medical history or clinical diagnosis of a respiratory 
dysfunction likely to interfere with his/her ability to control and drive a 
motor vehicle safely.” Thus if the medical examiner detects a respiratory 
dysfunction that in any way is likely to interfere with the driver’s ability 
to control and drive a commercial motor vehicle safely, the driver must 
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be referred to a specialist for further evaluation and therapy before being 
certified. While no regulation specifically mentions OSA, it would be 
covered under this respiratory standard. 

In 1998, OSA was first mentioned in the advisory criteria for the 
respiratory standard: 

There are many conditions that interfere with oxygen exchange and may 
result in incapacitation, including emphysema, chronic asthma, carci-
noma, tuberculosis, chronic bronchitis and sleep apnea. . . . 

Medical examiners could find minimal guidance on OSA in a 1991 Con-
ference on Pulmonary/Respiratory Disorders and Commercial Drivers (Turino 
et al., 1991), sponsored by the Office of Motor Carriers, a predecessor of 
FMCSA. The experts on that panel recommended that if there were any 
suspicion that a driver had OSA, the driver should be evaluated and the 
condition successfully treated before the driver returned to work. Medical 
examiners were offered no specific criteria for having concern or suspi-
cion that a driver was at risk of having OSA. The conference participants 
recommended at least a 1-month waiting period after treatment for OSA 
had been initiated before a driver returned to commercial driving. They 
also advised evaluation of the effectiveness of treatment through either 
multiple sleep-latency testing (MSLT) or polysomnography. They recom-
mended further that drivers with OSA who were medically qualified to 
drive commercial motor vehicles be reevaluated annually by means of 
sleep studies or MSLT. 

The 1991 conference report was not widely disseminated, and the 
majority of medical examiners likely were unaware of its existence. In 
2000,6 the examination form used to evaluate CMV drivers was updated 
and for the first time included a specific question on OSA, asking the 
driver to indicate “yes” or “no” with respect to “sleep disorders, pauses 
in breathing while asleep, daytime sleepiness, loud snoring.” When this 
form was first issued, many drivers responded “yes” to this question, and 
examiners reported that they either asked these drivers to provide docu-
mentation from their treating provider or referred the drivers for further 
evaluation. By the second year of use of this form, examiners indicated 
that few drivers checked “yes” for this question. 

In preparation for the National Registry of Certified Medical Exam-
iners (NRCME), FMCSA compiled the Medical Examiner Handbook from 

6 U.S. Department of Transportation Federal Motor Carrier Safety Administration. (2000). 
Final rule. Physical qualification of drivers; medical examination; certificate. Federal Register, 
65(194), 59363-59380. Available: http://www.gpo.gov/fdsys/pkg/FR-2000-10-05/pdf/ 00-
25337.pdf [March 2016].



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

140 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

existing guidance drawn from various FHWA (or FMCSA)-sponsored 
panels, frequently asked questions (FAQs), advisory criteria, and regula-
tory guidance. The section with information on OSA was the last section 
posted—not until fall 2010—and was not significantly different from what 
had been in the 1991 conference report. 

The Medical Examiner Handbook indicated that examiners “should not 
certify the driver with suspected or untreated sleep apnea until etiology is 
confirmed and treatment has been shown to be stable, safe, and  adequate/
effective,” but still offered no specifics on how to identify  drivers suspected 
of having OSA. Additional guidance for examiners had been provided in 
three FAQs on the FMCSA website addressing sleep disorders. FMCSA also 
had a section of its website devoted to sleep apnea, “Spotlight on Sleep 
Apnea,” with information for drivers and carriers, but no information on 
screening, diagnosis, or treatment. In early 2014, to comply with Public Law 
113-45,7 FMCSA removed the section of the Medical Examiner Handbook on 
OSA, the FAQs on sleep disorders, and “Spotlight on Sleep Apnea” from 
the FMCSA website. In early 2015, as noted earlier, the entire Medical Exam-
iner Handbook was removed from the FMCSA website for revision.

There have been several efforts to develop criteria that examiners 
could consider for identifying drivers at highest risk of having OSA. In 
2006, a Joint Task Force of the American College of Occupational and 
Environmental Medicine, the American College of Chest Physicians, and 
the National Sleep Foundation recommended OSA screening criteria for 
drivers (Hartenbaum et al., 2006). In 2007 and 2008, based in part on an 
FMCSA-supported evidence report (updated in 2011) (Williams et al., 
2011), FMCSA’s Medical Expert Panel on Obstructive Sleep Apnea and 
Commercial Motor Vehicle Driver Safety (MEP) (Ancoli-Israel et al., 2008) 
and Medical Review Board (MRB) (Federal Motor Carrier Safety Admin-
istration Medical Review Board, 2008) developed recommendations, ref-
erenced earlier, that would have required testing a larger percentage of 
 drivers than the Joint Task Force had proposed.8 In 2012, the Motor  Carrier 
Safety Advisory Committee (MCSAC), an industry advisory group, and 
the FMCSA MRB offered joint recommendations (Federal Motor Carrier 
Safety Administration Medical Review Board, 2012).

FMCSA did not adopt the three sets of recommendations described 
in the previous paragraph. Examiners therefore continue to vary in how 

7 Public Law No. 113-45 Commercial Motor Vehicle Operator Requirements Relating to 
Sleep Disorders. Signed by President Obama October 13, 2013. Available: http://www.gpo.
gov/fdsys/pkg/PLAW-113publ45/pdf/PLAW-113publ45.pdf March 2016].

8 The need to require testing of a larger percentage of drivers than proposed by the Joint 
Task Force would have been linked to the establishment of more stringent criteria (e.g., low-
ering the body mass index [BMI] threshold for determining that a driver must be referred 
for sleep testing).
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they evaluate drivers who may be at risk of having OSA. Durand and 
Kales (2009) found that while members of the American College of Occu-
pational and Environmental Medicine believed that screening for OSA 
was important, fewer than 50 percent used any specific criteria for such 
screening. 

Until 2014, medical examiners could be any health care providers 
licensed by their state to perform physical examinations, including medi-
cal doctors; doctors of osteopathy; nurse practitioners; physician assistants; 
and in some states, chiropractors, dentists, or even physical therapists. 
The NRCME was fully implemented in 2014,9 and examiners on the reg-
istry are now required to be trained and certified in accordance with the 
NRCME Core Curriculum, which focused on the regulations, guidelines, 
and other official information from FMCSA available at that time.

With implementation of the NRCME, it was hoped that some consis-
tency among medical examiners would be established, as all examiners 
were required to complete training that at least met the FMCSA Core Cur-
riculum. While some training programs were limiting instruction to what 
was in the Medical Examiner Handbook, others were introducing additional 
resources, such as the MRB, MEP, or MCSAC recommendations, and still 
others were teaching (erroneously) that there were specific required crite-
ria for screening drivers for OSA. The NRCME Medical Examiner Sample 
Training Handbook (National Registry of Certified Medical Examiners, 2012) 
noted that training programs could teach material beyond the Medical 
Examiner Handbook, provided they clearly highlighted that the material was 
not endorsed by FMCSA, and that examiners could use more current guid-
ance than that issued by FMCSA in making certification determinations. 

FMCSA had indicated that, while the NRCME certification examination 
would include only information that had undergone public notice and 
comment, examiners should consider current best practice in making cer-
tification determinations, not only for OSA but also for other conditions for 
which official information from FMCSA was lacking, such as Parkinson’s 
disease or use of potentially impairing medications such as opioids.

FMCSA still has not provided specific guidance for medical 
 examiners—this despite recommendations to the agency from the National 
Transportation Safety Board (NTSB) (2009); the expert recommendations 
of the FMCSA MEP, MRB, and MCSAC; and requests from the American 

9 U.S. Department of Transportation Federal Motor Carrier Safety Administration. (2012). 
Final rule. National registry of certified medical examiners. Federal Register, 77(77), 24104-
24135. Available: http://www.gpo.gov/fdsys/pkg/FR-2012-04-20/pdf/2012-9034.pdf 
[March 2016].
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College of Occupational and Environmental Medicine (ACOEM).10 The 
absence of specific guidance to certified medical examiners on assessing 
CMV drivers for OSA presents challenges for employers who are relying 
on the examiners to make that determination but finding that inconsistent 
criteria are used, even within the same examiner group. There now exists 
a risk of grievances or legal action against employers or examiners that 
attempt to utilize current best practices and require diagnostic studies 
for some drivers. At the same time, lawsuits have been brought against 
employers and examiners when a crash has occurred; and the CMV driver 
subsequently has been found to have OSA but was not tested even though 
he or she would have been considered at high risk of the disorder based 
on one or more of the above recommendations. In January 2015,11 FMCSA 
issued a bulletin to medical examiners and training associations stating 
that examiners should use current best practices in determining which 
drivers should have objective testing and offering some considerations 
with respect to OSA, but noting that FMCSA has no specific requirements 
related to the disorder. Many examiners and employers have indicated 
that they will limit screening drivers for OSA until FMCSA issues specific 
guidance.

A 2014 survey (Hartenbaum, 2015) of examiners, both physicians and 
nonphysicians, both ACOEM-trained and not, who were listed on the 
NRCME demonstrated no consistency in examination outcomes for five 
scenarios in which current best practice would recommend that drivers 
have diagnostic testing for OSA. Selections included certify for 2 years, 
certify for 1 year and instruct driver to discuss risk of OSA with primary 
care physician, certify for 3 months and request documentation from pri-
mary care physician on risk of OSA, certify for 3 months and require sleep 
study, or not certify at all. The appropriate approach to screening CMV 
drivers for OSA remains contentious, and the absence of specific guidance 
affects drivers, examiners, employers, and third-party administrators.

Conclusion 4: It is apparent that medical examiners who certify com-
mercial motor vehicle drivers are not consistent in understanding and 
applying current best practice to identify drivers who may be at risk of 
moderate to severe obstructive sleep apnea. Many examiners therefore 

10 American College of Occupational and Environmental Medicine (ACOEM) letter to 
Congressmen Howard and Mica, June 28, 2010; and ACOEM letter to Administrator Ferro, 
July 24, 2013.

11 FMCSA Bulletin to Medical Examiners and Training Organizations Regarding Obstructive 
Sleep Apnea. Available: https://nationalregistry.fmcsa.dot.gov/NRPublicUI/ documents/
OSA%20Bulletin%20to%20MEs%20and%20Training%20Organizations-01122015.pdf [March 
2016].
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are inconsistent in making determinations as to when a driver should 
be referred for additional sleep testing.

OTHER MEDICAL CONDITIONS

The panel has no conclusions or suggestions for change regarding the 
diagnosis of non-OSA medical conditions that are associated with fatigue 
and can result in suspension of CMV driving privileges. Nonetheless, this 
section summarizes the evidence that is required for diagnosis of other 
medical conditions based on the FMCSA Medical Examiner Handbook.

Hypertension

Hypertension—elevated systolic or diastolic blood pressure—is a risk 
factor for cardiovascular disease, peripheral vascular disease, and chronic 
renal insufficiency. A person with a systolic blood pressure reading of 
greater than 140 or a diastolic reading of greater than 90 is regarded as 
having hypertension. CMV drivers are more likely to have hypertension 
than their peers in other professions (and there is some evidence that this 
gap is widening) (Thiese et al., 2015a, 2015b). The salient regulation in 
the Medical Examiner Handbook is as follows: “If a driver has hypertension 
and/or is being medicated for hypertension, he or she should be recerti-
fied more frequently. An individual diagnosed with Stage 1 hypertension 
(BP is 140/90-159/99) may be certified for one year. At recertification, an 
individual with BP equal to or less than 140/90 may be certified for one 
year; however if his or her BP is greater than 140/90 but less than 160/100, 
a one-time certificate for 3 months can be issued. . . . Once the driver has 
reduced his or her BP to equal to or less than 140/90, he or she may be 
recertified annually thereafter.” 

Diabetes Mellitus

About 8 percent of the population has diabetes, and one-third of cases 
may be undiagnosed. By contrast, the prevalence of diabetes in CMV 
 drivers may be as high as 30 percent (Thiese et al., 2015a, 2015b), and evi-
dence indicates that the incidence of diabetes in CMV drivers increased 
between 2005 and 2012. Factors that can affect blood glucose control 
are fatigue, lack of sleep, poor diet, and stress. Drivers diagnosed with 
diabetes mellitus who require insulin to control their condition are not 
eligible for certification because poorly controlled blood glucose can lead 
to fatigue, lethargy, and sluggishness, and complications can lead to acute 
hyperglycemia, which in turn can cause seizures, loss of consciousness, 
and impaired cognitive function. The medical examination relevant to 
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diabetes includes assessment of glycosuria, retinopathy, macular degen-
eration, peripheral neuropathy, coronary heart disease, cerebrovascular 
disease, autonomic neuropathy, and nephropathy. 

Cardiovascular Problems

Thiese and colleagues (2015a, 2015b) suggest that up to 5 percent of 
CMV drivers suffer from cardiovascular disease. The primary manifesta-
tions include acute myocardial infarction, angina pectoris, and congestive 
heart failure. Drivers that have cardiovascular disease, relative to those 
without, are more likely to experience sudden death or incapacitation. 
Since other conditions may exacerbate cardiovascular problems, the deci-
sion on certification of those with cardiovascular disease depends on a 
comprehensive medical assessment of overall health. However, if a driver 
is diagnosed with myocardial infarction, angina pectoris, coronary insuf-
ficiency, thrombosis, or any other cardiovascular disease known to be 
accompanied by syncope, dyspnea, collapse, or congestive cardiac failure, 
he or she is not to be certified for driving. The diagnosis includes evalu-
ation for heart murmurs, extra heart sounds, arrhythmias, an enlarged 
heart, abnormal pulse, carotid or arterial bruits, or varicose veins. Details 
on cardiovascular problems and the increased risk for truck drivers can 
be found in FMCSA (2002) and the references included therein.

LIFESTYLE FACTORS AND CMV DRIVERS’ HEALTH

Long-haul CMV drivers face clear challenges to their health and well-
ness, including a sedentary lifestyle, limited access to healthy food, and 
sleep pressures. Based on a recent survey of long-haul truck drivers, 
Sieber and colleagues (2014) report that about 69 percent are obese (com-
pared with 35.5% of the general population over age 20) (National Center 
for Health Statistics, 2015); 51 percent smoke (compared with 17.8% of 
adults older than 18) (National Center for Health Statistics, 2015); and few 
exercise regularly, which contributes to cardiac problems, diabetes, high 
blood pressure, and other morbidity. In addition, as discussed in Chap-
ter 3, many commercial truck drivers get less than 6 hours of sleep at night 
(National Sleep Foundation, 2012), which is insufficient for most adults 
to maintain acceptable levels of alertness on the job and may eventually 
lead to adverse health consequences (Czeisler, 2015).

The panel emphasizes that these are broad generalizations that do not 
pertain to all CMV drivers. There are wide differences in drivers’ working 
conditions and lifestyles, work-rest schedules, and all related factors (e.g., 
sleep opportunities, availability of nutritious food, exercise facilities, work 
stressors, family life interactions). Truly comprehensive surveys in this 
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area have not been carried out, and given the diversity of CMV drivers, 
multiple surveys may be needed. In any case, much remains to be learned 
about fatigue, health behaviors, and their effects on CMV drivers. 

Conclusion 5: Substantial data gaps limit understanding of factors that 
impact the health and wellness of commercial motor vehicle drivers. 
Closing these gaps would aid greatly in developing a better understand-
ing of drivers’ current status and long-term prospects with respect to 
health and wellness.

That being said, the following description is generally correct. Long-
haul commercial truck and bus drivers have unusual working conditions 
and lifestyles (see Chapter 2). Many contend with pervasive on-the-job 
stressors, such as the need to meet delivery schedules; constant traffic on 
the roadways; and monetary pressures given their income levels, which 
motivate them to work longer hours. Over-the-road truck driving may 
necessitate being away from home for weeks at a time, missing family 
members while away; facing extended periods of boredom while driving; 
sleeping in different settings every night, including use of sleeper berths; 
dining mainly in fast food restaurants; lacking adequate time or facilities 
for exercising; and remaining in sedentary work postures (sitting all day 
in the cab seat).12 CMV drivers’ use of tobacco products likely is greater 
than that among the general public (e.g., a National Institute for Occupa-
tional Safety and Health [NIOSH] survey [Sieber et al., 2014] found that 
51% of the drivers surveyed smoked). As discussed in earlier chapters, 
drivers often must follow irregular work schedules that disrupt physi-
ological bodily rhythms, affecting sleep and health, and they frequently 
experience degraded on-the-job alertness. While all CMV  drivers may 
not have these same issues and many work more normal work schedules, 
they still have jobs that are primarily sedentary and pose other health 
risks. 

There are some notable differences in driver regimens between com-
mercial truck and bus drivers. Some bus drivers (e.g., those who drive 
tour buses) may work split schedules (tourists spend several hours on site 
before departing again for the next stop), and drivers handle passengers’ 
luggage for them. Some bus drivers work in two-person teams, but they 
have no sleeper berths; while en route, the second driver must sleep in 

12 The association between whole-body vibration in truck driving and back problems was 
investigated in a NIOSH study (Blood et al., 2015). The study found that being exposed to 
seated whole-body vibration for extended periods is one of the leading risk factors for the 
development of low back disorders. Thus truck and bus drivers are at risk of developing 
back problems as they are regularly exposed to continuous whole-body vibration while 
driving heavy vehicles. 
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an awkward seated posture. By contrast, trucking team drivers may have 
comfortable sleeper berths for use by the second driver while the truck 
continues to move (Krueger and Van Hemel, 1997). 

Partly as a result of their lifestyle, many long-haul truck drivers suffer 
from one or more medical conditions. As discussed above, they often have 
diabetes and suffer from cardiovascular problems; they may have undiag-
nosed sleep disorders such as OSA; they often experience musculoskeletal 
disorders (e.g., back pain) and injuries; and many are in generally poor 
health, which may adversely affect their driving performance and safety 
(see, e.g., Krueger, 2008; Krueger et al., 2007; Saltzman and Belzer, 2007). 
Moreover, many long-haul truck drivers lack access to adequate health 
care, especially while they are away from home. (Being constantly on 
the move makes it difficult to access regular health care when needed.) A 
NIOSH survey of U.S. long-haul truck drivers found that beyond lacking 
access to health care, 38.1 percent of drivers in the survey sample were 
not covered by health insurance or a health care plan. A small-scale cross-
sectional study yielded similar findings (Apostolopoulos et al., 2010), with 
33 percent of 316 participating truck drivers lacking health insurance. Not 
having access to adequate health care is especially common among CMV 
drivers, such as independent owner-operators, who do not work for large 
carriers. Large commercial carriers are more likely to arrange for health 
care and insurance programs for their employees. Many self-employed, 
owner-operator drivers who lack health insurance have been reported to 
be reluctant to obtain needed health care (Krueger, 2012; Saltzman and 
Belzer, 2007). Conceivably, with the implementation of the Affordable 
Care Act, some of these drivers will have improved access to health care.

Conclusion 6: Many commercial motor vehicle drivers work/live with 
occupational pressures that adversely affect health.

Given the impact of various aspects of the lifestyle of CMV driv-
ing, it is important to develop a better understanding of what aspects 
of that lifestyle are associated with negative health outcomes. There are 
many suggestions in the literature cited above and in previous chapters 
that CMV drivers’ insufficient sleep, or poor diet, or lack of exercise, or 
constant jostling, or stress contributes to their health problems. There are 
also suggestions that CMV driver’s compensation schemes contribute to 
their sleep insufficiency. Unfortunately, progress on isolating the factor(s) 
with the greatest impact on drivers’ health and understanding the extent 
to which behavioral changes result in improvements is greatly hampered 
by the lack of data in two important areas: (1) how CMV drivers live 
(especially how much sleep they get), and (2) how behavioral changes 
are related to improved health outcomes. As was mentioned in Chapter 5, 
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very few surveys of drivers have been carried out, and even in those 
surveys, reliable information on such important factors as the amount 
of sleep obtained and other aspects of the respondents’ lifestyle was not 
collected. Furthermore, the great majority of surveys that have been car-
ried out have been cross-sectional. Absent longitudinal data collection, 
it is extremely difficult to understand how health outcomes change over 
time and how such changes occur in the absence or presence of various 
lifestyle modifications. 

Conclusion 7: Insufficient data are available on the prevalence of sleep 
insufficiency, economic pressures, diet, and exercise habits for the popu-
lation of commercial motor vehicle drivers.

CURRENT FATIGUE AND HEALTH AND WELLNESS 
MANAGEMENT PROGRAMS FOR CMV DRIVERS

Myriad types of health and wellness and fitness programs have been 
developed for drivers in the truck and bus industries, involving different 
levels of support and involvement by employers and participation by 
drivers. Driver health and wellness programs may be as simple as just 
offering health risk assessments (HRAs) and health and wellness tips and 
encouragement. But some employee (driver)-oriented programs include 
the following features: (1) conducting preemployment physicals, testing, 
diagnosis, and referrals for treatment; (2) employing health coaches who 
monitor and interact with drivers continuously while they are employed; 
(3) offering continuing education, hints, tips, and advice on healthy diet, 
weight loss, sleep and fatigue management, stress control, and lifestyle 
improvements; (4) conducting screening and treatment for selected sleep 
disorders, such as OSA (done primarily by a few large carriers); (5) offer-
ing participatory programs in health and wellness activities, such as 
physical fitness and exercise activities, health monitoring, and smoking 
cessation efforts; (6) offering motivational and incentive-based initiatives 
to promote employee participation in health and wellness programs, such 
as group games and competitions to foster weight loss and smoking cessa-
tion, providing lower-cost insurance premiums; and (7) encouraging par-
ticipation in health and wellness programs by drivers’ family members.

Fatigue is clearly an important concern for highway safety. Many 
large fleets have taken proactive measures to improve their safety fig-
ures by implementing fatigue management programs in the workplace, 
often incorporating fatigue management into their ongoing employee 
health and wellness programs. On the other hand, independent owner-
operators generally must address such issues as fatigue management and 
health and wellness on their own (Krueger, 2012). While that important 
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distinction exists, even fleets vary greatly in how fatigue is addressed 
and how health and wellness are managed. These approaches range from 
the minimum, which entails just complying with hours-of-service (HOS) 
regulations, to comprehensive programs for fatigue management and 
health and wellness that may include screening, training, treatment, and 
program evaluation.

One program, described to the panel by safety experts from  Schneider 
National, showed that screening for OSA resulting in required use of PAP 
devices, if necessary, yielded positive benefits such as a substantial reduc-
tion in health care costs, a 30 percent reduction in accidents, and increased 
driver retention. Schneider National now prescreens all drivers for OSA, 
and its prescreening assessment was found to be 82 percent effective. 
(Some PAP devices document use, and this information can be used to 
terminate noncompliant drivers with OSA.) 

Health and Wellness Programs of Large Carriers

While the panel did not undertake a systematic review of fatigue 
management or health and wellness programs instituted by large carriers, 
it was briefed on the experiences of three large carriers at its third meeting 
in September 2014. While the panel knows anecdotally that some small 
carriers have instituted health and wellness management programs, these 
appear to be few in number. This is to an extent understandable given the 
fixed costs of implementing such programs. 

The panel heard about the employee health and wellness programs 
of Schneider National, J.B. Hunt, and Con-Way Motor Freight. Table 8-1 
summarizes selected information from these presentations. These three 
carriers have integrated driver fatigue management into their health 
and wellness programs. Returns on investment in successful health and 
wellness programs include such benefits as improved employee morale 
and driver retention rates; enhanced corporate culture and reputation; 
decreased clinic visits and costs; improved insurance premium rates; 
and, importantly, decreased accidents and injuries, and therefore also 
improved safety records (Krueger, 2012). 

Current Fatigue and Health and Wellness 
Programs in the Bus Industry

Hundreds of bus companies operate between 2 and 10 buses. Very 
little is known about the fatigue or health and wellness programs of these 
carriers. One example of a fatigue management program of a large inter-
state bus company was brought to the panel’s attention by the chair of the 
Bus Industry Safety Council for the American Bus Association, Michael 
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TABLE 8-1 Health and Wellness Programs of Three Large Carriers 
as of September 2014

Component Schneider National J.B. Hunt
Con-Way Motor 
Freight

Pre- and Postjob 
Screening

Prework physical screen Electronic 
physicals and 
customized tests

Education •  Drivers and fleet 
managers—science 
of sleep/circadian 
rhythms (better 
manage fatigue) 

•  Customers—
pickup/delivery 
times, transit 
times, expectations 
(improve scheduling 
times) 

•  Medical examiners—
nature of work, sleep 
apnea (better detect 
sleep disorders) 

•  Electronic log devices 
and approach to 
hours of service

Training Injury prevention 
training

Job safety analysis Safety coaching, 
injury prevention 
coaching

Health and 
Wellness

•  On-site U.S. 
Department of 
Transportation (DOT) 
medical examinations

•  Awareness programs
•  Availability of on-site 

physical therapists

Better Health for 
Life Program, 
J.B. Hunt Health 
Moves Program

On-site safety 
and health 
coaching

Sleep Apnea Screening and treatment 
program

Sleep apnea clinical 
trial

Sleep study

McDonal. In his presentation to the panel, he stated that Greyhound, a 
large bus company, has a fatigue management initiative based on input 
received from focus groups comprising drivers, operations managers, and 
safety directors throughout the industry. On the basis of input from focus 
groups, Greyhound developed countermeasures to address driver stress 
and fatigue. Data were collected on the effectiveness of these measures 



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

150 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

from a small set of drivers during actual night runs. Based on these data, 
extra board operations were modified.13

Fatigue Outreach and Health and Wellness Initiatives of FMSCA

Since the mid-1990s, FMCSA has encouraged carriers to engage in 
employer-sponsored driver fatigue management programs. To this end, 
the agency has conducted extensive education and outreach; held forums 
on the topics; and carried out extensive research on driver fatigue and 
performance in conjunction with cooperative, enlightened truck and bus 
carriers. In terms of continuously addressing driver fatigue manage-
ment, FMCSA developed and sponsored (with industry) the Mastering 
Alertness and Managing Driver Fatigue train-the-trainer 4-hour course, 
which was offered to more than 4,500 trucking safety and risk managers 
from 1996 until 2006. FMCSA also arranged to develop (with industry) 
an employee health, wellness, and fitness program entitled “Gettin’-In-
Gear,” a train-the-trainer program offered to more than 2,500 trucking 
safety and risk managers from 2001 to 2006. 

The North American Fatigue Management Program (NAFMP), spon-
sored by FMCSA, Transport Canada, and others, has been available on 
its own dedicated website since summer 2013. This extensive set of more 
than 800 slides is offered in 10 training modules aimed at employers, man-
agers, drivers, shippers, and receivers. The 10 modules are (1) introduc-
tion and overview, (2) safety culture and management practices, (3) driver 
education, (4) family education, (5) train the trainer, (6) truck driver safety 
and compliance: the role of shippers and receivers, (7) sleep disorders 
management for motor carriers, (8) driver sleep disorders management, 
(9) driver scheduling and tools, and (10) fatigue monitoring and manage-
ment technologies.

NAFMP serves as an information source for the entire ground ship-
ping industry. It offers numerous health and wellness lessons; fitness prin-
ciples; and coverage of additional selected topics, especially those related 
to sleep hygiene, including sleep disorders such as OSA. For example, the 
program covers the effects of being continuously jostled, consuming a bad 
diet, not exercising, poor weight management, high blood pressure, using 
various medications, using alcohol, using tobacco, disruption of circadian 
rhythms, and resultant conditions such as diabetes. 

As noted by Terri Hallquist of FMCSA in her presentation at the 
 panel’s third meeting, there is currently no effort under way to evaluate 

13 For details on Greyhound’s Alertness Management Program, see http://onlinepubs.
trb.org/onlinepubs/conferences/2011/FatigueInTransit/Presentations/Al%20Smith.pdf 
[March 2016].
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who visits the NAFMP website or whether those who do visit are engaging 
in any behavior modification, such as sleeping longer.14 This lack of evalu-
ation to date is likely the result of the program’s recent implementation. 
As discussed in Chapter 11, some evaluation of the program is feasible 
using web analytics. Given the attention paid to fatigue and health and 
wellness management by the large carriers, one key concern is whether 
NAFMP is adequate to educate and motivate behavior change among 
drivers for many midsize carriers that lack such programs or for small 
carriers with only a handful of trucks and drivers, or among the hundreds 
of thousands of independent owner-operator drivers nationwide.

Conclusion 8: Insufficient information exists on (1) how the variety of 
fatigue management and health and wellness management programs 
available have been designed, (2) whether drivers/employers actually 
adhere to these programs, and (3) whether these programs are effective 
in achieving their goals. 

14 Note that FMCSA recently also instituted an online resource to help CMV drivers under-
stand how a medication might impact their ability to drive safety. See http://www.fmcsa.
dot.gov/medical/driver-medical-requirements/medication-issues [March 2016]. 
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To repeat a key point made in Chapter 3, there is no known biologi-
cal substitute for sleep; the body cannot compensate for lost sleep 
through any other natural mechanism. Research cited in Chapter 3 

indicates that many commercial motor vehicle (CMV) drivers may be 
obtaining less than 6 hours of sleep per 24-hour day, which is gener-
ally viewed as being insufficient to maintain adequate levels of alertness 
on the job. Accordingly, as discussed in Chapter 7, sleep insufficiency 
increases the risk of being involved in a crash. CMV drivers also must be 
cognizant of circadian, time-of-day influences on their levels of alertness 
and the associated increased crash risk. Even when a person has obtained 
sufficient sleep, he or she will experience two circadian-driven lulls that 
adversely affect alertness, bring about feelings of fatigue, and lead to 
degraded performance (e.g., slowed reaction times) (see Chapter 3). To 
address these concerns, both technological approaches and fatigue man-
agement protocols have been advanced that are designed to detect and 
manage fatigue among CMV drivers.

Conclusion 9: Acute and chronic sleep insufficiency produces fatigue in 
drivers, as do lengthy and irregular work schedules.

Conclusion 10: There is no biological substitute for sufficient sleep.

This chapter first reviews technological approaches for detecting 
and managing operator fatigue. It then describes infrastructure- and 

9

Technological Countermeasures for and 
Corporate Management of Fatigue
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 vehicle-based systems designed to mitigate the effects of fatigue by 
alerting  drivers that they are in a drowsy state. Next, the chapter briefly 
examines fatigue management programs. The final section addresses the 
importance of a safety culture.

TECHNOLOGICAL APPROACHES FOR DETECTING 
AND MANAGING OPERATOR FATIGUE 

Fatigue detection and management approaches are of three main 
types: (1) online operator fatigue detection technologies, (2) fitness-for-
duty indicators, and (3) biomathematical scheduling models. In general, 
the effectiveness of all three of these approaches in detecting or predicting 
operator fatigue remains unclear. Driver drowsiness detection devices 
and biomathematical scheduling tools are in varying stages of develop-
ment (see, e.g., Mallis and James, 2012), and many of them have not 
been tested in third-party, randomized controlled studies. In addition, 
the implementation of these approaches in the field poses a variety of 
challenges. 

Fatigue detection technologies and predictive algorithms must be 
shown to meet a number of criteria prior to use. First, they need to be oper-
ationally feasible, working under a variety of environmental conditions 
such as during driving at nighttime, on different types of roadways, in 
traffic, and so on. Second, they need to have small errors both when indi-
cating that a driver’s alertness is low or that he or she may be fatigued 
while driving and when not indicating fatigue. In other words, they need 
to have infrequent false positives (indicating a driver is fatigued when he 
or she is not) and false negatives (indicating a driver is alert when he or 
she is not). Third, such devices must work for a relatively heterogeneous 
group of drivers in a variety of driving situations, and they must designed 
to be user-friendly. Finally, all such devices need to be shown to measure a 
biobehavioral marker of hypovigilance due to drowsiness. (For details on 
sets of acceptance criteria for such devices, see Dinges and Mallis [1998].) 

With respect to false positives and false negatives, it is clear that a 
system with a high rate of false negatives would be a serious problem. 
However, a moderate rate of false positives can also be problematic. Pro-
viding a warning to a driver when he or she is not fatigued may produce 
annoyance, reduce trust in the system, and decrease operator compliance 
with future warnings. Thus it is important that research on new technolo-
gies be focused on improving the accuracy of these devices for those that 
both are and are not drowsy. 

It should also be noted that an effective near-real-time drowsiness 
detection device would be extremely useful for preventing many future 
crashes. But so, too, would be a device that could help in establishing 
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whether a driver is in a sufficiently alert state before he or she begins 
work or during a duty day. For details, see Dinges and Mallis (1998) and 
Mallis and James (2012).

Online Operator Fatigue Detection Technologies

Online fatigue detection technologies are intended to provide feed-
back to a driver on his or her alertness level and thereby to detect operator 
fatigue prior to its onset. Equipped with this real-time feedback, drivers 
can opt to take a break from driving or use some other validated fatigue 
countermeasure. Additionally, drivers can monitor their alertness levels 
across their work-rest duty cycles to determine whether they should 
implement schedule-related fatigue management and mitigation strate-
gies. Such preventive strategies include scheduling sleep and nap periods 
prior to the start of a duty cycle; taking rest breaks during the duty day; 
maximizing sleep time on nonduty days, preferably in alignment with 
biological night; and if possible, negotiating with employers for more 
fixed, regular work duty scheduling. These preventive strategies can help 
reduce operational errors and crashes associated with insufficient alert-
ness attributable to neurobehavioral deficits resulting from sleep loss, cir-
cadian misalignment, or simply boredom associated with sustained work.

Online real-time operator fatigue detection technologies include a 
variety of methods for directly measuring factors associated with driver 
fatigue, such as electroencephalographic (EEG) frequency band activity; 
heart rate variability; and ocular variables, including saccades, slow eye 
movements, blink rate, or eyelid closure (see Abe et al., 2011; Chua et al., 
2012; Dinges et al., 1998). One ocular measure that has consistently shown 
promise is PERCLOS (percentage of eyelid closure), the proportion of a 
time interval during which the eyes were 80 to 100 percent closed (not 
including blinks) (Wierwille and Ellsworth, 1994; Wierwille et al., 1994). 
Such measurements have been experimentally validated as being sensi-
tive to fatigue and circadian changes (Abe et al., 2011; Chua et al., 2012; 
Dinges et al., 1998, 2002; Mallis and Dinges, 2005; Mallis et al., 2007; Ong 
et al., 2013). A PERCLOS measurement system mounted in a vehicle cab 
entails video monitoring of the individual, and can effectively provide the 
driver with an alert that he or she is becoming fatigued and suggest that 
it is time to take a break from driving (Mallis et al., 1998). 

Early research and on-the-road testing have shown, however, that 
implementing PERCLOS monitoring systems for truck drivers is not 
always operationally feasible. Early generations of PERCLOS devices had 
technological limitations, as they did not accurately track slow eyelid clo-
sure throughout all environmental conditions. Some of these inaccuracies 
were attributable either to interference due to sunlight reflections or to dif-
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ficulty in measuring pupil opening because of low light conditions during 
nighttime driving. Additionally, PERCLOS systems were not able to dis-
tinguish between eyes being out of field of view of the PERCLOS  camera 
because of drivers constantly turning their head, mainly to check their 
side-view mirror, and drivers closing their eyelids completely.  PERCLOS 
monitoring devices continue to be improved. Some include information 
on other variables to address the above challenges. For example, efforts 
are now under way, using optical computer recognition, to develop the 
capability for continuous tracking of percentage of eyelid closure in real 
time (Dinges et al., 2005a, 2007). 

Fitness-for-Duty Testing Devices

Fitness-for duty testing devices entail probed evaluation or tempo-
rally discrete sampling of neurobehavioral performance or aspects of 
physiological changes (primarily ocular and pupillary measures). They 
represent an attempt to assess fatigue risk, especially in safety-sensitive, 
around-the-clock operations in which the risk of errors can be elevated 
because of fatigue-inducing work schedules. Unlike online fatigue detec-
tion approaches, fitness-for-duty tests produce a snapshot in time of a 
worker’s level of alertness prior to a duty period that can predict per-
formance capability later in the day during the duty period. The predic-
tion is based on a comparison of baseline data specific to the individual, 
consisting of measurements taken when the individual was well rested 
or without a sleep debt. 

Earlier generations of fitness-for-duty devices were relatively large, 
were not portable, and required relatively long sampling periods. Some 
were as large as the Truck Operator Proficiency System, a driving simula-
tor installed at a truck terminal that measured psychomotor and divided-
attention performance. The device was used in the 1990s in New Zealand 
and in Arizona. No formal predictive validity was established for the 
device; however, the test had high face validity, so it was believed that 
failing it meant the driver could not drive safety (Charlton and Ashton, 
1998; Hartley et al., 2000). 

Other, smaller devices used tabletop pursuit rotor tracking perfor-
mance tasks, exemplified by the Factor 1000 system, which employed 
a critical tracking task requiring eye-hand coordination. These tabletop 
computerized test batteries included as many as 8 to 10 tests, including 
visual perception, reaction time, concentration, cognitive processing, and 
even personality assessment. (An example is ART 90, a fitness-for-duty test 
system used in several places in Europe; see Charlton and Ashton [1998]).

Most such fitness-for-duty systems were performance-based and 
entailed substantial learning curves because they were affected by apti-
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tude and experience levels and did not necessarily prove to be sensitive 
to fatigue. Some became more useful in detecting drug effects on per-
formance at work. Over the years, technological advances have resulted 
in the development of fitness-for-duty testing devices that are portable, 
take less time to administer, and use measures that have been demon-
strated to be sensitive to fatigue. Fitness-for-duty tests that can be admin-
istered on an electronic tablet or smartphone hold particular promise 
for being able to predict performance capability over a brief sampling 
timeframe (e.g., estimating whether it is safe for a driver to extend a duty 
period). One  caution is that the tests may not be feasible in all operational 
environments. 

The 10-minute psychomotor vigilance test (PVT) is an example of a 
probed-performance fitness-for-duty test. It measures the ability of the 
brain to sustain attention and repeatedly respond quickly to a simple 
visual (or auditory) stimulus. The stimuli occur at a predetermined 
interstimulus interval (ISI) range, and measurements are highly precise 
( Basner and Dinges, 2011). There is no lengthy learning curve, and the test 
is independent of aptitude, experience, and skill. Reaction time, response 
speed, and lapses in attention (longer response times or no response) 
are the primary outcome measures (Basner and Dinges, 2011; Dinges 
and Powell, 1985). The PVT is an accepted standard for measurement 
in sleep and circadian research because of its demonstrated sensitivity 
to acute total sleep deprivation, chronic sleep restriction, and circadian 
 rhythmicity. Research protocols conducted in operational settings also 
have demonstrated its validity for identifying operator fatigue (Gander 
et al., 2008; Pack et al., 2006; Rosekind et al., 1994)

The 10-minute duration of the PVT is often considered impractical 
in most operational environments because it requires the individual to 
disengage completely from his or her operational duties (e.g., driving) 
to take the test. Consequently, two shorter-duration versions of the PVT 
have been developed: the adaptive PVT-A (about 3 minutes, depending 
on the individual’s performance [Basner and Dinges, 2012]) and the brief 
PVT-B (about 5 minutes). Both have modified algorithms for performance 
evaluation and have been extensively validated for their sensitivity to 
fatigue (Basner et al., 2011). Future studies are needed to show the feasibil-
ity and usefulness of employing PVT-like fitness-for-duty tests in safety-
sensitive operational environments.

Biomathematical Models 

Biomathematical models of cognitive performance and alertness are 
used to calculate an estimate of alertness based on sleep-wake schedules 
and the timing and placement of duty shifts (Dawson et al., 2011;  Mallis 
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et al., 2004). Most are based on the two-process model, as originally 
described by Borbély (1982). The algorithms model the known effects 
of the interaction between homeostatic sleep drive and the circadian 
system on alertness and cognitive performance. The interaction of these 
two physiological processes is dynamic and complex (see Chapter 3). In 
oversimplified terms, the sleep process is approximated to be an expo-
nential saturation function during sleep itself, with linear degradation 
in performance with increasing hours of wakefulness (i.e., being awake 
18 or more hours since the last sleeping period). The circadian process is 
of sinusoidal form and shows variations in performance on an approxi-
mately 24-hour cycle. The observed changes in performance are closely 
correlated with endogenous rhythms of core body temperature. These 
algorithms are operationally useful only when they are incorporated into 
a scheduling tool.

Each biomathematical scheduling tool uses specific algorithms that 
differ in various ways, including input variables, output measures, 
goals, and capabilities. It is also important to consider the operational 
environment for the model’s intended use. For example, some models 
use only data collected in tightly controlled laboratory studies, while 
 others are adjusted based on measures collected in operational environ-
ments, including military, trucking, aviation, and railway operations. 
The U.S. Department of Defense, U.S. Department of Transportation, and 
National Aeronautics and Space Administration sponsored a model ing 
workshop in 2002. All seven of the models evaluated at the workshop 
showed promise in the prediction of alertness and performance, but each 
required further scientific validation in tightly controlled laboratory set-
tings and improvements in reliability, sensitivity, and specificity before 
being transitioned to operational settings (Mallis et al., 2004). Once such 
a model has been deployed in an operational setting, data collected can 
be used to further refine the algorithm, making it more specific to its 
intended use. 

Biomathematical models can be used to increase safety and minimize 
fatigue risk by enabling comparison of different work-shift or work-rest 
scheduling scenarios. The goal is to maximize safety by evaluating sched-
ule parameters scientifically rather than in accordance with time-on-task 
theories (see Chapter 3). Schedule evaluations include (1) predicting times 
when performance is optimal, (2) identifying time frames in which recov-
ery sleep will be most restorative, and (3) determining the impact of 
proposed work-rest schedules on overall neurobehavioral functioning 
(Mallis et al., 2004). 

Government entities are showing increased interest in the use of 
biomathematical models in the development of regulations and compre-
hensive fatigue risk management programs. In 2014, the Federal Aviation 
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Administration (FAA) made changes to the Federal Aviation Regulations 
(FARs) that allow carriers to submit a fatigue risk management system 
(FRMS) application in requesting an exemption from prescriptive regula-
tions (FRMSs are discussed further below). Currently, the FAA uses the 
Sleep, Activity and Fatigue Task Effectiveness (SAFTE) model (Hursh 
et al., 2004) as part of its process for evaluating FRMS applications. The 
SAFTE model was originally developed for military and industrial set-
tings and is the foundation of the Fatigue Avoidance Scheduling Tool 
(FAST) (McCormick et al., 2013). And the U.S. Navy supported develop-
ment of the OWL (Optimized Watchbill and Logistics) tool based on a 
published biomathematical model (McCauley et al., 2009, 2013) to gener-
ate duty schedules for sailors that minimize fatigue risk.

Currently, at least one biomathematical model has shown evidence of 
being able to predict cognitive deficits associated with chronic sleep loss 
(McCauley et al., 2009, 2013). Although improvements in bio mathematical 
model development continue, however, limitations still exist. Scheduling 
tools that incorporate biomathematical models of fatigue and alertness 
are only one component of a comprehensive fatigue risk management 
program, and such models are suitable only for use as a tool to help 
inform final decisions about a schedule’s level of safety. Moreover, only 
one published model incorporates individual differences, providing more 
accurate estimates of fatigue (Van Dongen et al., 2007). Refinements in bio-
mathematical models to account for individual differences would facili-
tate the use of individual countermeasures (e.g., recovery sleep, naps, or 
caffeine). 

Conclusion 11: Operator fatigue has been singled out for its negative 
safety implications for all workers, including commercial motor vehicle 
drivers. Such concerns have motivated a variety of applied research 
projects on detecting, preventing, and managing fatigue. 

Conclusion 12: Despite almost three decades of research on the topic, 
technological innovations for detecting driver fatigue in near real time 
and operational strategies for their use are still in the early phases of 
understanding and application. 

Conclusion 13: Biomathematical models can be useful for the develop-
ment of general work-rest schedules. However, existing models do not 
account for individual variation, so care must be taken in applying them 
to address likely impacts of irregular work schedules.
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SYSTEMS DESIGNED TO MITIGATE THE EFFECTS OF FATIGUE

Both road infrastructure-based and vehicle-based systems have been 
developed to mitigate the effects of fatigue by awakening drivers or warn-
ing them that they are in a compromised state and at risk of an accident. 

Rumble Strips

Roadway rumble strips are an infrastructure-based system that does 
not specifically target driver fatigue, but may be effective in helping to pre-
vent a range of crashes related to taking one’s eyes off the road as a result of 
either driver fatigue or distracted driving. Rumble strips may alert a sleepy 
driver as well as redirect the attention of an alert but distracted driver.

Studies of the safety effect of rumble strips consistently have shown a 
reduction in run-off-the-road crashes, head-on collisions, and sideswipes, 
crash types thought to be related to fatigue and distraction. One study on 
rumble strips in Maine directly measured the impact on crashes identified 
as fatigue-related in crash reports, estimated as a reduction of 58 percent 
in fatigue-related run-off-the-road crashes on rural freeways (Garder and 
Davies, 2006). 

Most studies of rumble strips have focused on crashes in specific 
states. Most have been before-and-after studies with comparison groups 
to control for exposure and various other potentially confounding factors, 
such as shoulder width and roadway curvature. Resulting estimates of 
effectiveness cover a broad range, from about 12 percent on freeways with 
speed limits under 65 mph to more than 50 percent for run-off-the-road 
fatal crashes. While the range of effectiveness estimates may be broad, it is 
important to note that all the estimates are positive and show a significant 
reduction in lane- and road-departure crashes (Datta et al., 2015; Khan 
et al., 2015; Patel et al., 2007; Sayed et al., 2010).

One study of Connecticut roads specifically addressed the possibil-
ity of fatigued drivers using the rumble strips to alert them repeatedly 
to their own drowsiness and redirect their attention, thus encouraging 
them to keep driving until they drifted off the road along a stretch with no 
rumble strips. The study uncovered some evidence for this phenomenon, 
finding that some stretches of road with no rumble strips experienced an 
increase in run-off-the-road crashes relative to stretches of road along the 
same route with rumble strips installed (Smith and Ivan, 2005). A simula-
tor study of fatigued drivers showed how this might occur. Thirty-five 
night shift workers were tested immediately after finishing work with 
a simulated driving task along a two-lane road. Objective measures of 
sleepiness included EEG reading and eye-closure duration. All  drivers 
showed an increase in sleepiness immediately prior to hitting the (simu-
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lated) rumble strips. The rumble strips had the effect of alerting the 
 drivers, as indicated by the objective measures, but the drivers returned 
to their baseline fatigue within about 5 minutes (Anund et al., 2008).

Thus, one drawback of rumble strips is that they may provide drivers 
with a false sense of security. Even if drivers feel drowsy, they may not 
pull over and stop to take a rest break, thinking that rumble strips will 
continue to alert them, and so they become increasingly at risk the longer 
they continue to drive. As a practical matter, installing roadway rumble 
strips requires a costly capital investment in highway infrastructure and 
sustained maintenance of the system.

Conclusion 14: Roadway rumble strips serve to help prevent driver 
fatigue-related accidents. At the same time, there is the danger that 
 drivers will treat rumble strips as if they provide repeated emergency 
alarm protection from falling asleep, and therefore will postpone taking 
other valid fatigue countermeasures, such as stopping for a rest. 

Rest Areas

When CMV drivers reach the limit of a duty period in accordance 
with hours-of-service (HOS) regulations, they are required to stop driv-
ing for a 10-hour stretch and spend at least 8 hours in the sleeper berth. 
Designated public rest areas are constructed along Interstate highways 
to provide both car and truck/bus drivers with a safe location to pull 
over and rest. Many such public rest areas have parking lots specifically 
allocated for trucks and buses. On many routes, moreover, numerous 
commercially operated truck refueling rest stops are available to accom-
modate many of the needs of long-haul truck drivers, including restaurant 
food, convenience store purchases, lounges, bath and shower rooms, and 
so on. These rest stops also provide spaces for extended truck parking to 
permit drivers to sleep in their truck-mounted sleeper berth.

Rest stops play a crucial role in contributing to highway safety by 
allowing fatigued drivers to pull off the road. McArthur and colleagues 
(2013) investigated the safety implications of rest areas by analyzing the 
relationship between the proximity of a road segment to a rest area and 
the frequency of fatigue-related crashes occurring on that road segment. 
Between 2006 and 2010, the authors collected crash data on all road 
segments that fell within a 20-mile radius of rest areas in the state of 
 Michigan. Their spatial analysis provided evidence for the safety benefit 
of rest areas in reducing the frequency of fatigue-related crashes. Another 
finding of the study was diminishing returns from rest areas appearing 
as the 20-mile radius was expanded, pointing to the importance of spac-
ing of rest areas. State-specific studies (Banerjee et al., 2009; Carson et al., 
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2011; SRF Consulting Group, Inc., 2007; Taylor et al., 1999) likewise have 
shown a positive relationship between spacing of rest areas and fatigue-
related crashes. All these studies found that rest area spacing of more than 
30 miles led to increased crash risk. 

Two of the studies also found that overcrowded rest areas or those 
with insufficient parking spaces for trucks were positively associated with 
increased crash rates (Banerjee et al., 2009; Carson et al., 2011). In 1996, 
the Federal Highway Administration (FHWA) commissioned a study to 
evaluate truck driver rest and parking needs along the National Interstate 
System. The study identified a shortfall of 28,400 truck parking spaces in 
public rest areas nationwide and predicted the shortage would grow to 
39,000 in 10 years (U.S. Federal Highway Administration, 1996). 

One way of addressing this problem is technology that can inform 
drivers where to anticipate a parking place where they can sleep. A large 
number of public/municipal parking garages (e.g., at airports or shop-
ping centers) currently identify electronically at the front entrance not 
only how many parking spaces are available but also on which floor and 
even the specific spaces that are available. It would appear that related 
technological innovations could be applied to on-the-roadway parking 
facilities as well. The American Transportation Research Institute (ATRI), 
in collaboration with the Minnesota Department of Transportation, is 
developing a system that can identify available trucking spaces and com-
municate that information to drivers.1

It should be pointed out as well that constructing, maintaining, and 
policing the security of public parking for CMV driver rest areas has sig-
nificant cost implications for federal, state, and municipal governments. 
Thus the trucking industry may need to take a leadership role in generat-
ing more parking at commercially operated truck refueling rest stops in 
geographic areas where it is needed the most.

Conclusion 15: Repeated surveys by trucking industry and other 
research organizations have revealed insufficient numbers of publically 
available rest areas where commercial motor vehicle drivers can safely 
take a lengthy rest. This issue has the potential to impact fatigue-related 
crash risks and needs to be addressed by the safety community.

Vehicle-to-Infrastructure Systems

Vehicle-to-infrastructure (V2I) technology allows for wireless com-
munication between passenger vehicles and traffic and highway infra-

1 Truck Parking Availability Study: Demonstration Project. Available: http://atri-online.
org/wp-content/uploads/2012/04/truckparkingonepager.pdf [March 2016]. 
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structure to prevent collisions and manage traffic. Examples of V2I sys-
tems include monitors on bridges that communicate ice accumulation to 
approaching vehicles, traffic signals that warn vehicles of stopped traffic, 
and sensors warning of nearby emergency vehicles or work zones. A 
National Highway Traffic Safety Administration (NHTSA) analysis found 
that such technologies could potentially prevent 26 percent of all vehicle 
crashes (Najm et al., 2010). Even though they are not designed to address 
driver fatigue, such technologies that warn of traffic slowness/ stoppages 
could also reduce fatigue-related crashes, thereby making them an effec-
tive fatigue countermeasure in certain circumstances. Whether V21 sys-
tems that warn of traffic slowness/stoppages reduce fatigue-related 
crashes is a topic for further research.

Vehicle-based Systems

In addition to the systems installed on the vehicle to detect 
 drowsiness/fatigue in drivers discussed earlier, vehicle-based systems 
for reducing fatigue-related crash risk include forward collision warn-
ing, automatic emergency braking, lane departure warning systems 
(LDWS), blind-spot object detection, and adaptive cruise control. Other 
systems monitor the driver’s use of controls, such as steering and brak-
ing, to detect degraded performance. Changes in the pattern of steering 
wheel adjustments, for example, have been used to detect degraded 
driver vigilance.

LDWS were developed for use on heavy commercial trucks as a 
type of driver alertness monitoring system. These systems are designed 
to warn drivers when they drift from their driving lane unintentionally, 
perhaps as a result of driver fatigue or distraction. 

LDWS include several types of sensors installed on vehicles to moni-
tor lane-tracking/lane-keeping performance, and then provide warn-
ings when drivers deviate noticeably from the center of the lane over 
time (i.e., the past several minutes). Video sensors—usually camera-like 
devices mounted behind the windshield and aimed at the roadway in 
front of the vehicle or integrated beside the rear view mirrors—detect 
visible roadway lane and edge painted markings. These sensor data 
are fed into onboard computerized image recognition software to track 
a driver’s lane travel performance. Infrared sensors (either behind the 
windshield or under the vehicle) may be part of the system as well. The 
video sensors also may be accompanied by laser sensors mounted on 
the front of the vehicle. 

Lane drift can be the result of anything from drowsiness and distrac-
tion to adverse weather conditions (e.g., snow, rain) that obscure the road-
way paint markings. The LDWS continually monitor a vehicle’s position 
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and detects when the vehicle begins to drift toward an unintended lane 
change (e.g., perhaps approaching the roadway edge near the shoulder). 
Drivers inform the LDWS of plans to make intentional lane changes, such 
as to pass another vehicle, by first activating the turn signal device. Upon 
detection of lane drifting, the LDWS may present the driver with a visual 
display of his or her lane-tracking performance and/or present an audio 
warning. In the case of the AutoVue® LDWS (developed by Iteris Corpo-
ration), when a driver drifts out of a lane, the system emits a distinctive 
“rumble strip” noise from right or left door speakers. The LDWS may 
present other audible warnings to alert the driver to make a course cor-
rection to stay within the lane. False alarms are minimized by disabling 
the warnings when the vehicle’s speed is low. 

A few versions of LDWS, particularly early prototype systems, were 
subjected to independent on-the-road testing in heavy trucks (see, e.g., 
Dinges et al., 2005a). Although LDWS were not completely validated 
as a driver fatigue predictor in such road testing (it would be unethical 
to induce driver fatigue for such testing), such a system was shown to 
“sharpen lane position awareness.” Moreover, LDWS gained acceptance 
by drivers as alertness monitors, and it was noted that in some cases, they 
even helped to improve driving skills.

The Iteris AutoVue LDWS was fielded on Mercedes Actros commer-
cial trucks in Europe as early as 2000. In 2002, Freightliner Trucks’ North 
American vehicles made the Iteris system available as an “after market” 
option. Before selling the AutoVue system to Bendix CVS in 2011, Iteris 
reported that the system was in use in thousands of trucks, sold as an 
original equipment manufacturer option on new class 8 trucks. The sys-
tem is widely available in newer automobile models as part of special 
option order electronic monitoring packages. It is clear that such LDWS 
technology could eventually allow truck fleet owners to analyze near-real-
time safety information transmitted wirelessly from their vehicles using 
existing fleet communication systems.

Partially Autonomous Vehicles

In the relatively near future, partially autonomous vehicles may be 
used widely. Such vehicles are unlikely to fully replace the driver in the 
near term because driving remains a complex task. Nonetheless, par-
tially autonomous vehicles have the potential to reduce the likelihood of 
fatigued driving by performing a majority of driving tasks (without direct 
involvement of the driver), thus reducing the driver’s cognitive workload 
and attention-demanding tasks. 

On the other hand, partially autonomous vehicles could have a 
fatigue-related negative impact on safety, especially in driving situations 
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in which the hand-off of control to the human driver went beyond the 
design parameters of the system. Basically, as soon as the driving task 
became complicated, such as when the vehicle was entering a dense traffic 
area or something unexpected happened, the driver would need to take 
back control from the vehicle. How this would be done safely is both a 
design and operational challenge. Currently, autonomous driving systems 
do the easy part—driving vehicles down the road where the main chal-
lenge is lane keeping. But should a challenge arise that required the driver 
to assume control of the vehicle, that driver could have been lulled into 
disengagement by the system and could, for example, be using a smart-
phone or a laptop computer. 

The success or failure of autonomous driving systems relies on effec-
tive human-system integration in design and practice. For such automa-
tion to be successful, the human user must be aware of the automation 
and react to it appropriately (see Shaikh and Krishnan, 2012). The type 
of warning that is most effective in attracting a driver’s attention and at 
times alerting the driver to the need to retake control of the vehicle needs 
to be determined. 

Given that most of these systems may have sensors that can relay 
information from the vehicle to dispatchers or fleet managers, carriers 
might like to have the ability to force a truck or bus driver to pull over 
before a situation resulted in a crash. In any case, since the decision- 
making abilities of a fatigued driver are compromised, relying on the 
driver’s decision to pull over might not be sufficient in many cases. This 
is one of the many reasons why fatigue detection and mitigation technolo-
gies and autonomous driving systems need to be carefully designed, then 
thoroughly tested, evaluated, and validated. Moreover, given the various 
incentives that affect a driver’s decision making concerning pulling over 
to take a rest when tired, there is likely an important benefit to testing 
such systems in less controlled settings, such as in naturalistic driving 
studies.

Additional Research

NHTSA is exploring new on-board technologies for combatting 
drowsy driving. DrIIVE (Driver Monitoring of Inattention and Impair-
ment using Vehicle Equipment) is an NHTSA project currently under 
way. Drowsiness often is evidenced by short episodes of degraded perfor-
mance. Thus, the goal of the project is to use vehicle-based driver behav-
ior data to predict impairment due to alcohol, drowsiness, and distraction 
(Brown et al., 2014). The research entails examining steering and pedal 
inputs and lane position and comparing this information with “signa-
tures” of normal driving, when a person is awake and alert. Another goal 
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of the project is to demonstrate the potential to detect these states without 
the use of cameras to monitor drivers’ faces.2

In addition to the crash avoidance technologies available to truck 
drivers and fleets and work being pursued by NHTSA, car manufactur-
ing companies have developed systems to warn drivers of inattentiveness 
or drowsiness. Mercedes-Benz’s Attention Assist system helps drivers 
recognize when they are drowsy or inattentive and advises them to take 
a break. When drivers are alert, they constantly, and subconsciously, 
monitor the position of their car and make continual small steering adjust-
ments to keep the vehicle on a safe path. When drivers are fatigued, they 
experience periods of inattentiveness during which there is little steering 
input, followed by sudden and exaggerated corrections when the driver 
regains attention. Attention Assist uses a sensitive steering angle sensor 
to monitor the way in which the driver is controlling the car. At speeds 
between 80 and 180 km/h (55 to 110 mph), the system identifies a steer-
ing pattern that is characteristic of drowsy driving and combines this 
with other information, such as time of day and duration of journey. If a 
sequence of such events is identified, the system warns the driver to take 
a break by showing a coffee cup signal on the dashboard and emitting 
an audible tone. The driver may acknowledge the warning to make it 
disappear from the display. If the driver does not take a break and his or 
her driving style continues to indicate drowsiness or inattentiveness, the 
warning is repeated after 15 minutes. 

Bosch is designing a system to evaluate driver microsleep, determine 
the level of drowsiness, and warn the driver if necessary. The system 
analyzes steering behavior to identify when the driver does not steer and 
then makes an abrupt steering correction. This system also makes use of 
the speed and duration of travel.

Finally, it is worth mentioning, as is the case for rumble strips, that 
safety issues can arise if crash avoidance technologies are considered 
countermeasures for fatigue because they provide protection against 
crashes, rather than addressing fatigue. These devices essentially help 
protect drivers from some of the consequences of fatigue, but they should 
not be used as a justification to continue to drive. 

2 Previous contributions by NHTSA include detection of impairment from alcohol using 
vehicle measures (DOT HS 811 358), visual measures for detecting driver distraction (DOT 
HS 811 547A), and advanced countermeasures for multiple impairment (DOT HS 811 886). 
The agency is in the process of (1) developing and evaluating a system of algorithms for 
identifying signatures of alcohol-impaired, drowsy, and distracted driving; (2) assessing 
potential countermeasures for drowsy driving-associated lane departures; and (3) evaluating 
an initial proof of concept for the use of this system in the development of safety technolo-
gies such as driver feedback displays for drowsiness. 
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Conclusion 16: Additional research is needed on the effectiveness of all 
devices that may address reduced vigilance due to fatigue, including 
forward collision warning, automatic emergency braking, lane departure 
warning systems, blind-spot object detection, adaptive cruise control, 
and any other in-vehicle driver drowsiness/fatigue detection systems. 
This research needs to encompass not only the devices’ effectiveness but 
also the results of actual deployment, the impact of driver acceptance, 
and any negative consequences of using such devices inappropriately as 
countermeasures for fatigue.

FATIGUE MANAGEMENT PROGRAMS

Fatigue management programs define policies and procedures 
for managing and mitigating fatigue in safety-sensitive environments 
( Lerman et al., 2012). They often are implemented within health and well-
ness programs or safety management systems. Each freight- or passenger-
moving operation is unique and presents its own fatigue challenges. A 
key feature of fatigue management programs is that they consider both 
physiological (see Chapter 3) and operational factors. Therefore, these 
programs most commonly are tailored to the operational needs and con-
straints of particular work settings (or companies) (Dinges and Mallis, 
1998; Mallis and James, 2012).

Fatigue management programs can be classified into two broad 
categories: (1) fatigue risk management plans (FRMPs) and (2) fatigue 
risk management systems (FRMSs). FRMPs establish policies on manag-
ing and mitigating fatigue during operations. They typically include a 
requirement for fatigue awareness training for employees (e.g., drivers, 
fleet managers, dispatchers), as well as processes for reporting instances 
of fatigued driving. FRMSs take FRMPs one step further as they aim to 
manage operator fatigue at a more granular level. They include a continu-
ous feedback loop that provides a means for continuous measurement 
and monitoring of an individual worker’s schedules using subjective and 
objective data collection (see Gander [2015] for additional details, and 
Fourie et al. [2010a, 2010b] for discussions of the effectiveness of FRMPs 
and FRMSs in the trucking industry.)

Finally, the Federal Motor Carrier Safety Administration (FMCSA) and 
Transport Canada have worked over the past decade to develop the North 
America Fatigue Management Program (NAFMP), discussed in detail in 
Chapter 8. The purpose of this online program is to present effective ways 
to manage and mitigate fatigue in trucking operations. The information 
provided encompasses prescriptive fatigue-related regulations (i.e., HOS 
rules), fatigue awareness, the nature of sleep and sleep disorders, work-
rest schedule development, and known fatigue countermeasures.
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Conclusion 17: Fatigue risk management plans and fatigue risk man-
agement systems used in aviation, the rail industry, and the pipeline 
industry need to be studied further since they may provide models that 
can be applied to commercial motor vehicle driving.

IMPORTANCE OF SAFETY CULTURE

This chapter has described various measures and technologies for 
dealing with CMV driver fatigue, all of which are aimed at the driver. 
Drivers play a major role in safe CMV operations, and if they are more 
aware of their degree of fatigue and how best to counter it, the risk of 
crashes should be reduced. Barriers to entering the CMV driver profession 
are somewhat low, since all one must do is obtain a commercial driver’s 
license (CDL) (see Chapter 2 for description of different licensing require-
ments) and pass the U.S. Department of Transportation’s (DOT) physical 
exam.3 Trucking companies do prefer a clean driving record when hiring 
drivers, and many of them hire from CDL training schools. Safety training 
is a significant part of the curriculum of these schools (e.g., how to drive 
on ice or snow or in the rain). However, the curriculum does not always 
include sufficient coverage of driver fatigue awareness. Therefore, one 
cannot be certain that a qualified truck driver is fully aware of the risks 
of driver fatigue and its consequences. Big trucking companies usually 
have orientation and on-the-job training programs that educate drivers on 
fatigue and how to manage it. Such companies are aiming to ensure that 
their employees are safe drivers, thereby maintaining their safety records 
and controlling one of the most obvious costs—from accidents.

Focusing on corporate safety records has its benefits, as safety and 
economic gains are linked—unsafe drivers are bad for business. Both eco-
nomic gains and a company’s approach to safety are determined by the 
company’s organizational culture—values and norms held and shared by 
workers on the aims of the company and how the work should be done. 
FMCSA requested that the Transportation Research Board’s Commercial 
Truck and Bus Safety Synthesis Program (CTBSSP) broaden the under-
standing of “safety culture” and synthesize best practices and guidelines 
on the development of such a culture among motor carriers. CTBSSP 
Synthesis 14 (Short et al., 2007) highlights the importance of treating safety 
as the responsibility not only of drivers but also of dispatchers and fleet 
managers, as they are responsible for scheduling loads and are aware of 
how many hours drivers have been on duty. CTBSSP Synthesis 14 cites 

3 DOT Medical Exam and Commercial Motor Vehicle Certification. See https://www.
fmcsa.dot.gov/medical/driver-medical-requirements/dot-medical-exam-and-commercial-
motor-vehicle-certification [March 2016]. 
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examples of trucking companies undertaking initiatives on various fronts 
that mirror these best practices and guidelines.4 In essence, it is necessary 
to educate dispatchers, fleet managers, and safety managers about the 
fatigue-related challenges faced by drivers.5 Fatigue management pro-
grams, in combination with training for drivers and trucking officials, can 
help drivers make optimal use of their off-duty hours.

As discussed in Chapter 2, the trucking industry is highly heteroge-
neous in terms of operational structure; certain populations of drivers 
are not formally taught a wide array of safe driving practices, and driver 
fatigue management may or may not be part of that training. When inde-
pendent owner-operators engage in sustained contract work for larger 
carriers, they occasionally are expected to engage in the same training 
received by the company’s employees. Generally, however, independent 
owner-operators lack ready access to the same depth of education and 
training available to drivers working for large carriers.6 However, they 
do have ready access to the NAFMP online. In the end, however, imple-
mentation of fatigue management practices depends mainly on personal 
initiative by the independent driver. 

The above discussion relates to the concept of safety culture, which 
is achieved when shared values and beliefs interact with a carrier’s 
structures to produce behavioral norms. It is important to study how 
the different approaches to safety culture of various carriers relate to the 
decisions made by CMV drivers about whether to continue driving when 
they feel fatigued. A separate but related concept of “safety climate” is 
also worthy of study for its impact on driver behavior. Safety climate 
is defined as “shared perceptions of the organization’s policies, proce-
dures and practices as they relate to the value and importance of safety 
within the organization. In short, safety climate is the measurable aspect 
of safety culture” (Huang et al., 2011).

Conclusion 18: Further research is needed on the impact of safety culture 
on driver decision making with respect to countering fatigued driving 
and on crash frequency.

4 See http://www.truckinginfo.com/article/story/2012/10/building-a-culture-of-safety.
aspx [March 2016].

5 There is a precedent for educating motor carriers and their drivers about fatigue—the 
Mastering Alertness and Managing Driver Fatigue Program run by FMCSA and ATRI, the 
research arm of the American Trucking Associations.

6 Some independent owner-operators who provide services to large trucking fleets that 
have fatigue management programs may have access to the fleet’s training and education 
programs.
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The causes of a crash can be related to the characteristics of the driver; 
driver behavior/performance; the vehicle; the fleet; or the environ-
ment in which the driver and the vehicle, as well as other vehicles, 

were traveling. For a given crash, multiple factors can and often do play 
a part. Any analysis of individual causal factors, including driver fatigue, 
can be biased by a failure to represent the impacts of various confounding 
influences. Therefore, assessing the role of driver fatigue in highway safety 
requires a comprehensive approach that accounts for the contribution of all 
the important factors that can cause changes in the degree of driver fatigue 
and in crash frequency. To this end, one must have data on the contribu-
tions of these other causal factors. 

This need in turn prompts the need for an assessment of what data on 
the various causal factors exist, at what level, and for what populations 
and how linkable these data are to other variables. Such an assessment can 
provide a better understanding of the existing data gaps and how they 
might be filled to develop a comprehensive database that can support 
more conclusive research on the role of driver fatigue and hours-of- service 
(HOS) regulations in highway safety. With such a database, research would 
be able to identify which factors play more or less important roles in 
causing driver fatigue, and which factors, including fatigue, play more 
or less important roles in the frequency of crashes. Along with other con-
siderations, such as the feasibility of implementing policy changes that 
can alter various causal factors, such research should greatly assist the 
Federal Motor Carrier Safety Administration (FMCSA) and other govern-

10

Research Directions for Fatigue 
and Highway Safety
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ment agencies in determining how to focus their efforts to reduce crashes 
due to fatigued driving and, more generally, to improve highway safety. 

Specifically, one needs to collect data from commercial motor vehicle 
(CMV) drivers on their degree of fatigue (e.g., hours of service, work 
hours, work demands); other driver factors, such as medication use, drug 
use, and body mass index (BMI); vehicle factors (e.g., noise, distraction, 
quality of brakes, visibility); carrier factors (e.g., scheduling, compensa-
tion methods); and environmental factors (e.g., time of day, road type, 
traffic conditions). Table 10-1 represents an initial attempt to outline the 
various predictors that might be expected to have an association with 
crashes or other safety outcomes. The table includes driver fatigue as 
both a predictor and an outcome because it is necessary to understand not 
only the extent to which driver fatigue causes crashes but also, assuming 
that fatigue is an important causal factor for crashes, what factors cause 
drivers to be fatigued. 

The table also includes traffic density and whether driving occurs 
during the nighttime as important factors in crash risk. Both are linked 
to increased crash risk. Moreover, since these two factors tend to be 
negatively correlated, their joint impact on crash risk can be difficult to 
anticipate. That is, the time that is worst for staying awake—nighttime—is 
the best for avoidance of other vehicular traffic. Therefore, any assessment 
of crash risk needs to include the contribution of both factors. This is a 
simple example arguing for a comprehensive approach to the question of 
fatigue as a causal factor for CMV crashes.

Several points need to be emphasized about Table 10-1. First, it is 
incomplete as to the potential factors that might be included. Confirma-
tory research has not been conducted to enable a comprehensive under-
standing of the causal structure underlying crash risk. The table is also 
incomplete regarding data sources and their availability. Finally, it is 
incomplete with respect to the information that one might want to know 
about each data source. Completing the column on predictors is a chal-
lenge, but for existing data sources, columns 4, 5, and 6 could easily be 
filled in. The panel believes FMCSA can use this table as a starting point 
for a living compendium of the factors that affect crash risk and the 
information available about them. FMSCA is best positioned to complete 
the table because it has the most thorough understanding of the various 
data sets and what information they do and do not include. Also, analysts 
using these data to draw inferences about fatigue, hours of service, and 
highway safety may find that the table needs to be augmented to include 
columns representing other important data features. 

It is also important to note that determining which factors can raise or 
lower crash risk is important in and of itself, and is necessary to support 
further causally relevant research on the interrelationship among fatigue, 
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hours of service, and crash risk. There is a chicken-and-egg problem here 
in that until one knows which factors to include as confounders, one can-
not know whether a variable is in fact a causal factor or simply correlated 
with a true causal factor. The panel believes that for now, it is better to err 
on the side of including variables whose status regarding causal impact 
on crash risk is unclear. 

The column labeled “Public/Private” is a reminder that much of the 
data collected now is not easily available to researchers (see Chapter 5). 
In addition, as the columns “Level of Aggregation” and “Populations for 
Which Available” suggest, the data often are not available at the necessary 
level of aggregation or for an appropriately representative population of 
CMV drivers. Relevant to level of aggregation, some of the predictors 
will need to be linked to each trip sequence (possibly every few minutes 
of each trip) and so at a very detailed level. Examples include degree of 
driver fatigue, degree of precipitation, and traffic density. However, some 
other variables, such as all fleet variables and many environmental fac-
tors, including number of lanes and geometry of the road, are stable over 
long periods of time and can be collected infrequently. 

Various definitional and measurement complications result from the 
need to represent many of the above concepts. With respect to outcomes, 
what is a crash? Does one count curb strikes? For serious crashes, does 
one require a threshold on damages, and should one use only avoidable 
crashes? Should the focus be on crashes that result in fatalities? What 
safety-critical events (SCEs) are relevant to analysis of fatigue and high-
way safety? This lack of clarity in measurement is true for some of the 
predictors as well. For example, previous chapters have addressed the 
difficulty of defining and measuring driver fatigue, but how should safety 
culture be defined and measured? While additional work in this area is 
needed, definitional vagueness and measurement complexity often can 
be assigned lower priority since inferences are frequently robust to the 
precise definitions and measurements used. 

Filling out the remaining columns of Table 10-1 would clarify what 
data are available to FMCSA and academic/industry researchers and 
identify existing data gaps. FMCSA then would need to determine the 
relative priority of each gap and the best means of closing these gaps. 
FMCSA would need to determine whether private sources exist, and if 
so, whether various techniques could be effective for making such sources 
public while avoiding disclosure of individual data. Further, FMCSA 
would need to determine the level of aggregation at which the data exist 
and whether they are sufficiently detailed, as well as whether the data 
exist for a subset or for the entire population of CMV drivers. 

Finally, the data need to be linked so that rapidly changing infor-
mation on drivers (e.g., whether they obtained sufficient sleep) and the 
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environment (e.g., degree of precipitation) can be merged in a way that 
is amenable to statistical modeling of the most relevant information. (The 
assumption here is that carrier and vehicle data are less changeable, but 
there are likely exceptions to that assumption.) Linking such informa-
tion would be greatly facilitated by some means of identifying unique 
 drivers and trips that could be used across databases, since the informa-
tion described here is not likely to reside in a single database.1

The fact that FMCSA will discover many data gaps should be no 
surprise. As is clear from a review of Chapter 5, none of the data sets cur-
rently available for assessment of the role of driver fatigue in highway 
safety provides all the information necessary to draw rigorous infer-
ences for the full population of interest. Crash data sets underrepresent 
the degree to which fatigue contributes to crashes since they are based 
on after-the-fact police reports and therefore include incomplete infor-
mation on the driver’s recent sleep history. Further, since comprehensive 
exposure data are not available, crash counts cannot be translated into 
crash rates and therefore support risk assessments for individual factors. 
Naturalistic driving data sets typically include few crashes because crashes 
are rare events. Moreover, since all such research requires participants’ 
informed consent, it collects data only on volunteers, who may be more 
or less subject to certain risk factors relative to the general CMV driver 
population. Also, the various special-purpose data sets comprising small 
surveys, driver logs, output from various devices, and data collections 
for particular populations (e.g., drivers for large fleets) are available only 
for subpopulations and for a subset of the necessary causal factors. As 
discussed in this chapter, new data collection efforts and new technolo-
gies for automatically collecting relevant data could provide much of the 
needed data not currently available. 

The remainder of this chapter presents the panel’s analysis and rec-
ommendations with respect to the most important directions for future 
research on fatigue among CMV drivers and highway safety. It describes in 
turn (1) survey data that could be collected on CMV drivers to help reduce 
some of the major data gaps on drivers that inhibit this research; (2) data 
available from vehicles themselves that could help close existing gaps in 
data on drivers, vehicles, and the environment; (3) other data sources that 
could be tapped for this research; (4) examples of key research questions 
that could be investigated with better data; and (5) methodological and 
statistical issues entailed in research on driver fatigue and highway safety 
and how these issues can be addressed.

1 Longitudinal Employer-Household Dynamics (LEHD) is an example of a data set in 
which employer-employee information is linked and therefore is useful for tracing the em-
ployment history of a worker. See http://lehd.did.census.gov/ [June 2016].
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COLLECTION OF SURVEY DATA ON CMV DRIVERS 

The population of CMV drivers in the United States is large and 
diverse (see Chapter 2). Currently, there are approximately 3 million CMV 
drivers (depending on the definition used) for whom knowledge remains 
incomplete.2 Given that FMCSA is charged with establishing HOS regula-
tions, setting standards for medical certification, and communicating the 
dangers of driver fatigue, the agency would greatly benefit from knowing 
important characteristics about this population. For instance, truck  drivers 
who drive locally on set routes are less likely than long-haul drivers to be 
affected by changes to HOS regulations. Given the lack of a continuing 
survey, however, much about the population of CMV drivers remains 
undocumented, even on matters of simple demographics. This includes 
the number of drivers engaged in various types of employment (e.g., the 
number of local versus long-distance drivers); the number of hours in 
a day and number of days in a week that drivers with various types of 
employment drive; how drivers are compensated; and their age, gender, 
and race. This information is lacking in particular for the large number of 
independent drivers who are not directly employed by carriers. Absent 
this information, it is difficult to estimate accurately how many drivers are 
directly affected by FMCSA’s guidelines and policies and how many might 
benefit from various proposed changes. 

Capturing many of the measurements needed for research on fatigue 
and on the health and welfare of CMV drivers can be viewed as somewhat 
intrusive. Such data collection often is dependent upon CMV drivers 
who volunteer this kind of personal information. It is therefore common 
for various subsets of the truck and bus driver population to be under-
represented in such research efforts. Having information on the total CMV 
driver population and some of its characteristics would support appropri-
ate weighting of samples so that findings could be generalized to the full 
population of drivers (based on certain assumptions). 

Commercial Driver’s License Information System Database

Generally speaking, a person wishing to legally operate a vehicle with 
a gross vehicle weight rating (GVWR) of greater than or equal to 26,001 lb 
or to transport 16 or more passengers needs to have a commercial driver’s 
license (CDL). Obtaining a CDL requires passing a written test and a 
road test. Information on drivers with CDLs, along with their driving 

2 For purposes of issuing a CDL and for drug testing, one includes only drivers of vehicles 
greater than 26,000 lb gross vehicle weight rating. For medical qualification, the definition is 
based on FMCSA regulation 390.5 and is for drivers of vehicles greater than 10,000 lb gross 
vehicle weight rating. 
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records, is collected by the individual states and aggregated in the Com-
mercial Driver’s License Information System (CDLIS). The purpose of 
this database is to serve as a clearinghouse and repository of information 
pertaining to the licensing and identification of CMV drivers. State driver 
licensing agencies use the CDLIS to transmit information on out-of-state 
convictions, transfer the driver record when a license holder moves to 
another state, and respond to requests for driver status and history. Prior 
to the development of the CDLIS, drivers could obtain multiple CDLs 
and could use that capability to conceal violations from law enforcement 
personnel or prospective employers. Each state separately administers its 
own portion of the CDLIS, and all of the system’s files are linked together 
in a national relational database. 

In addition to information on a driver’s safety record, the CDLIS 
contains information on a driver’s age, gender, height, and weight. As of 
February 2008, the CDLIS contained more than 13 million CMV driver 
records (see Federal Motor Carrier Safety Administration, 2008). Since it 
is generally believed that there are about 3 million active truck and bus 
 drivers, the CDLIS contains a substantial number of records for indi-
viduals who are no longer active CMV drivers. In addition, the currency 
of many of the addresses in the database is a concern. (As noted above, 
part of the vagueness comes from how a CMV driver is defined. Sections 
383.5 and 390.5 of the FMSCA Safety Regulations differ in their defini-
tions.) In addition, given that access to this database is limited to FMCSA 
and its contractors, using it either as a sampling frame or to compute 
demographic summary statistics (age, gender, race) would raise privacy 
concerns. Thus, while the CDLIS appears to offer a source of data on CMV 
drivers, it has a number of limitations that constrain its use for gathering 
information on CMV drivers and crash risk. 

Commercial Motor Vehicle Driver Surveys

Surveys of the population of CMV drivers have been attempted. 
Recently, the National Institute on Occupational Safety and Health 
(NIOSH) conducted a survey of long-haul truck drivers. The survey 
design involved randomly selecting limited-access highway segments 
and then randomly selecting truck stops within those segments. Truck 
drivers entering those truck stops during a 3-day interview period were 
recruited for the survey. Drivers also could be approached at fueling stops 
or weigh stations. This survey was limited to long-haul truck drivers. (See 
Sieber et al. [2014] for details.) Another survey was recently carried out 
as part of the Behavioral Risk Factor Surveillance System in Washington 
State (for details, see Bonauto et al. [2014]). Respondents for this survey 
were contacted via telephone, which raises the concern that long-haul 
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truck drivers were underrepresented. This is hardly a comprehensive list 
of surveys of CMV drivers, but it is safe to say that such studies are not 
carried out on a regular basis, and they generally are available only for 
specific subgroups. 

Until 2002, the Census Bureau conducted a Truck (or Vehicle) Inven-
tory and Use Survey,3 which collected some of the information needed 
to populate Table 10-1. The sampling frame was constructed from files 
of truck registrations identified as being active. Sampling was stratified 
by state and by truck characteristics. Body type and GVWR determined 
the following five truck strata: (1) pickups; (2) minivans, other light vans, 
and sport-utilities; (3) light single-unit trucks (GVWR under 26,000 lb); 
(4) heavy single-unit trucks (GVWR over 26,000 lb); and (5) truck- tractors. 
Within each stratum, a simple random sample of truck registrations was 
selected without replacement, producing a sample of approximately 
136,000 truck registrations. Questionnaires were mailed to the addresses 
corresponding to these registrations, and the results were tabulated. This 
survey provided information relevant to the present study, including 
whether a vehicle had been involved in a crash, the vehicle type, the 
jurisdiction, the type and size of the carrier, the distance traveled, and 
the range of operation. Unfortunately, this Census Bureau survey was 
discontinued after 2002.4 

The Need for a Continuing Survey of Truck and Bus Drivers

The panel contends there is a need for information on CMV drivers, 
their vehicles, their routes, and their employers. Given that attempts to 
survey CMV drivers have been infrequent and limited as to the popu-
lation coverage, the panel believes that a regular survey of a sample 
of CMV drivers is needed to collect information on the drivers (age, 
gender, race), their basic health characteristics, their employment, how 
much they drive, their vehicles, and their routes. Also, this survey would 
need to be repeated on a regular basis because of the high turnover rates 
among the CMV driver population, as well as regular changes in the 
particular types and characteristics of vehicles being driven, the driving 
environments, the types of employment, and other variables. Repeating 
such a survey every 5 to 10 years would help inform the modification 
of guidelines for CMV drivers over time. 

Since many long-haul truck drivers are not easily reached, such a 

3 See https://www.census.gov/svsd/www/vius/products.html [March 2016]. 
4 In addition to the Vehicle Inventory and Use Survey, the Bureau of Transportation Statis-

tics used to collect substantial data on Form M that provided details on compensation and 
benefits across a wide range of trucking occupations.
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survey would not be easy to conduct. However, area sampling methods, 
such as those used in the NIOSH survey, could provide quality informa-
tion. (NIOSH also used incentive payments, which would be important 
given that respondents would be on the clock.) While the panel is more 
optimistic about an area sample approach, the CDLIS could possibly serve 
as a sample frame for a mail or Internet survey provided that (1) it could 
be kept current and include information on whether the individual was 
employed as a truck or bus driver for greater than so many months per 
year, and (2) contact information could also be kept current and could 
include mail and Internet addresses.

The panel believes that NIOSH is best positioned to support such a 
data collection effort, at least in part, given the relevance of its charge to 
assess occupational safety and health. Because of the cost of conducting 
such surveys, however, other agency support undoubtedly would be 
needed. 

RECOMMENDATION 1: The National Institute for Occupational 
Safety and Health should be enlisted to design and conduct a regu-
larly scheduled survey every 5 to 10 years to gather information 
needed to better understand the demographics and employment 
circumstances of all commercial motor vehicle drivers in various 
industry segments.

DATA AVAILABLE FROM VEHICLES

As detailed in Chapter 9, a number of new devices currently are being 
used or have been proposed for use with commercial motor vehicles. 
These devices include electronic on-board recorders that collect informa-
tion on when a vehicle is in operation. Further, a number of technologies 
enable the collection of real-time video and telematics data, which can 
be used to alert a fleet manager when a vehicle is, or recently has been, 
speeding, hard braking, or swerving. There also are various on-board 
safety systems already in use or proposed for use, including indicators 
of weaving out of one’s lane and automatic collision avoidance systems. 
Such systems can provide, in real time, much of the information relevant 
to the driver and the vehicle listed in Table 10-1. One prime example is 
technology for assessing whether the driver is fatigued by measuring 
PERCLOS (percentage of eyelid closure). Some systems collect other, more 
indirect measures of fatigue, such as making quick motions with the steer-
ing wheel or multiple lane departures. In addition, information can be 
collected on the environment because cameras can be trained on the road 
ahead. When collected, however, much of this type of data is proprietary, 
so legal barriers currently limit researchers’ ability to acquire the data to 
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examine the role of fatigue in highway safety. Although such data likely 
suffer from a lack of representativeness, the panel believes they still could 
play an important role in this research. For instance, they could be used 
to estimate upper and lower bounds for various key parameters for the 
entire population of CMV drivers. 

It would therefore be useful to explore ways in which such data 
might be made available to the research community. The past 25 years 
has seen the growth of effective disclosure limitation techniques. Use of 
these techniques can greatly limit the risk of disclosure of individually 
identifiable information while at the same time allowing researchers to 
use the protected version of the data, which retains the great majority of 
the information. There also are arrangements whereby confidential data 
can be made available through research data centers such that access is 
allowed only for a preapproved set of researchers, who cannot take any 
sensitive information from the center when they have completed their 
analysis. Given the successful use of such techniques in many contexts, 
the panel believes FMCSA could benefit from working with owners of 
these data sets to help make them researcher-accessible and disclosure-
limited. Such data sharing could be facilitated either by utilizing such 
techniques as cell suppression, noise addition, or production of synthetic 
data sets before granting researchers access or by establishing research 
data centers providing researchers limited access to such data for sum-
mary analyses. The following subsections describe the vehicle-based data 
sources currently available or on the horizon.

Data from Electronic Logging Devices

In the past few years, many carriers have decided to replace their 
paper logs with electronic logging devices. In the near future, all carriers 
may be legally obligated to do so. At a minimum, these devices record 
when and where the truck or bus was in operation. Therefore, in the event 
of a crash, the number of hours the vehicle was in operation for at least 
24 hours, and likely much longer, will be automatically documented, and 
such data can then be used to assess whether a driver violated the HOS 
regulations.

It has been suggested that electronic logging devices (similar to elec-
tronic on-board recorders) provide higher-quality documentation of the 
number of hours a truck or bus was in operation relative to the paper logs 
currently used by many CMV drivers because they are more difficult to 
tamper with, and they document hours automatically instead of requir-
ing the driver to do so (see also Chapter 5). The panel finds this argument 
very persuasive. By providing higher-quality assessments of when the 
truck or bus was in operation, electronic logging devices are better able 
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to document compliance with HOS regulations, and will also provide 
better inputs for research examining the linkage among hours of service, 
fatigue, and highway safety. Accordingly, the panel believes it would be 
beneficial for FMCSA to compare these devices with paper logs to deter-
mine whether their use reduces HOS violations. To address the fact that 
those carriers with electronic logging devices may not provide represen-
tative subsets of the population of CMV drivers, this comparison could 
use an interrupted time series design, as described in Chapter 6. Further, 
the importance of switching from paper logs could be demonstrated by 
research showing lower crash rates for carriers that have installed these 
devices compared with those that have not, controlling for confounding 
factors with a technique such as propensity scoring.

RECOMMENDATION 2: The Federal Motor Carrier Safety Admin-
istration should conduct an evaluation to determine whether com-
mercial motor vehicle drivers’ use of electronic on-board recorders 
correlates with reduced frequency of hours-of-service violations 
and reduced frequency of crashes compared with those drivers who 
do not use such instruments. 

If either of these reductions were established, the argument for requiring 
the widespread use of electronic logging devices would be significantly 
enhanced. 

A provision for Title 49 of the U.S. Code, Section 31137, mandates 
the use of electronic logging devices, but seems to prevent the use of 
the data from such devices for research, stating: “The Secretary may uti-
lize information contained in an electronic logging device only to enforce 
the Secretary’s motor carrier safety and related regulations…The Secretary 
shall institute appropriate measures to ensure any information collected 
by electronic logging devices is used by enforcement personnel only for 
the purpose of determining compliance with hours of service requirements” 
[emphasis added].  A recent FMCSA final rule also exists that mandates 
the use of electronic logging devices but could not mandate that the 
resulting data be used in research studies. We are therefore led to the 
following:  

RECOMMENDATION 3: Given the potential research benefits of 
the use of data from electronic logging devices, Congress should 
consider modifying Title 49 of the U.S. Code to permit the use of 
such data for research purposes in a manner that protects indi-
vidualized confidential data from disclosure, and if such a change 
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is made, the Federal Motor Carrier Safety Administration should 
make parallel provisions in its regulations.5

Data Collected by Electronic Data Recorders, Vehicle Telematics, 
and Collision Avoidance and Fatigue Detection Systems

Many trucks and buses are equipped with electronic data recorders to 
record information on driver actions. Electronic data recorders are different 
from the electronic logging devices discussed above. They record data that 
are saved continuously or in response to such triggers as an acceleration 
exceedance (e.g., from braking, accelerating, or swerving) or a change in 
vehicle status (e.g., electronically sensed engine or wheel speed changes). 
These devices can record a wide range of data, including vehicle speed, 
application of brakes or clutch, steering angle, seat belt use, airbag deploy-
ment, and g-force measures associated with impact during crash sequences.

Vehicle telematics refers to various on-board technologies and wire-
less devices, described in Chapter 5, that transmit data to an organization 
in real time on how a vehicle is functioning, such as speed, acceleration 
and braking, airbag deployment, and crashes. They can also collect infor-
mation on vehicle location. Some companies, such as Lytx, collect video 
data for clients, such as parents of new drivers and trucking companies, 
that can be used to monitor remotely how a car or truck is being driven.

The companies that currently collect such data could be encouraged 
to provide properly disclosure-protected data for use by researchers in 
examining such questions as what percentages of trip segments with 
and without crashes involved fatigued drivers, as measured indirectly 
through the operation of the vehicle or possibly more directly by adding 
a data capture feature for assessment of PERCLOS. In this way, research 
could approximate, in some sense, a continuous version of the Large 
Truck Crash Causation Study. 

Newer devices that warn about such behaviors as lane departures 
(e.g., Iteris AutoVue®), driving too close to the vehicle ahead (collision 
avoidance systems), or abrupt steering motions have been promoted for 
use in alerting distracted or fatigued drivers (see also Chapter 9). While 
the data such devices collect depends on the specific system and are pro-
prietary, it is reasonable to believe that they are similar to those collected 
by electronic logging devices and telematics systems, and as such are 
likely relevant to research assessing the increased crash risk associated 
with fatigued driving. It should be noted that drivers’ acceptance of any 

5  A change has been made from the prepublication copy to update language to make it 
clear that FMCSA cannot change the law but it can modify its regulations.
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system that is recording their performance or their personal information 
needs to be addressed. 

Data Collected Prior to Serious Crashes

Black boxes on airplanes can provide detailed information on the 
sequence of events leading to a crash, which can then be used to suggest 
design modifications or implementation changes to reduce the chances of 
a repeat of that event. Since many of today’s trucks and buses are equipped 
with electronic devices that record information on driver actions preced-
ing a crash, such data (especially video data on driver physiognomy) 
could help in determining what factors contributed to a crash, including 
those related to driver fatigue or distraction. Consequently, such data 
would be valuable to investigators and to researchers examining relation-
ships between driver fatigue and highway safety. 

RECOMMENDATION 4: When commercial trucks and buses con-
taining electronic data recorders that record data on the functioning 
of the driver and the truck or bus are involved in serious crashes, 
the relevant data should be made available to investigators and to 
safety researchers. 

OTHER DATA SOURCES

Other data sources that could be tapped for research on CMV driver 
fatigue and highway safety include vehicle inspection reports, data from 
large carriers, and American Transportation Research Institute (ATRI) 
data.

Vehicle Inspection Reports 

While no technology is involved, a safety inspection system inspects 
4 million commercial motor vehicles each year in North America to 
ensure that trucks and buses are operating safely. These inspection data 
are a component of the Motor Carrier Management Information System 
(MCMIS), compiled, maintained, and funded by FMCSA (see Chapter 5). 
Trained inspectors in each state examine vehicles based on criteria devel-
oped by the Commercial Vehicle Safety Alliance (CVSA). CVSA inspectors 
examine drivers and trucks for unsafe driving practices, HOS compliance, 
driver fitness, use of controlled substances, vehicle maintenance, hazard-
ous materials compliance, and crash indications. As part of the most 
comprehensive Level I inspection, a driver’s certificate from his or her 
medical examiner is checked, as is the driver’s record of duty status and 
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adherence to HOS regulations. Relevant to the present study, drivers are 
checked for visible signs of fatigue (although it is easy to imagine that this 
process misses a large fraction of cases). 

In the context of this study, the utility of the data in such reports is 
limited because there is no direct measurement of fatigue for drivers of 
commercial trucks and buses. Also, the criteria used to select drivers and 
vehicles to inspect may differ from state to state. However, it still may 
be profitable to study such data on the inspection and crash history of 
drivers. For instance, one could determine which types of drivers, driv-
ing for what kinds of carriers, with what types of logging devices are 
detected by which inspection criteria to have more or fewer HOS viola-
tions. This information would have the usual deficiencies of data that are 
not controlled for confounding factors but might be useful for generating 
hypotheses.

Data from Large Carriers

Most carriers collect information on their truck drivers for such pur-
poses as compensation, management, supervision, and monitoring. Many 
large carriers collect additional information on various aspects of drivers’ 
health, their crash rates, their schedules, their routes, and their vehicles. 
They collect such data for various reasons—especially economic because, 
beyond concern about the health of drivers, drivers who frequently are 
involved in crashes are costly for their employers. 

Driver health data can include medical information from company-
sponsored clinic visits and screening exams, as well as treatment infor-
mation for a variety of medical conditions, including obstructive sleep 
apnea (see Chapter 8). Some of the largest carriers use such data to assess 
the effectiveness of their health and wellness programs and to assess the 
economics of their insurance coverage plans. 

Schneider National, for example, collects electronic log data from 
many trucks in its fleet that can be used to track work shift variability and 
the number of days since a truck was last at the home terminal. Data on 
such critical events as hard braking, roll stability control activation, and 
collision mitigation also are collected. Data collected on collisions include 
the time of day the crash occurred, the number of hours since the last 
break for the driver, and the location of the crash and the roadway type at 
that location. Some large carriers have relatively sophisticated data collec-
tion systems for loss events. Their loss files may include incidents that are 
not police-reportable or MCMIS-reportable traffic crashes. Carrier-based 
data also can include the history of noncrash driving, thereby address-
ing the lack of exposure data that exists for all trucks collectively. Crash 
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data can be linked to personnel/work records, as well as to equipment 
manifests. 

Clearly, such carrier-collected data could offer a rich opportunity for 
analysis of various questions of interest concerning HOS regulations, 
fatigue, and crash frequency. If data from a number of large carriers 
across the commercial trucking industry could be collected, organized 
in a database, and made available to researchers, these data could repre-
sent an important segment of the trucking industry. Such a database also 
would supply important information on topics on which little is otherwise 
known. However, it must be acknowledged that such data would exclude 
a large fraction of the trucking population, especially independent owner-
operators, so the results of this research would not be fully generalizable. 

American Transportation Research Institute Data

ATRI collects truck data through collaboration with participating car-
rier fleets. The ATRI database currently contains billions of data points 
from electronic on-board records for several hundred thousand unique 
vehicles spanning more than 7 years. These data, which include time, loca-
tion, speed, and anonymous unique identification information, are used 
by ATRI researchers to produce various indicators on truck movement, 
highway bottlenecks, crossing times and delays, demand for truck routes, 
and facilities on highways. Knowing the location of a truck or bus prior to 
a crash could make it possible to detect whether the driver violated HOS 
regulations. However, this database is not available to researchers, and the 
data currently are collected for only a modest fraction of all trucks and 
buses in the United States. Therefore, these data would be of limited util-
ity for nationally comprehensive surveillance studies. On the other hand, 
with such large sample sizes, the data could be useful for assessing some 
factors associated with an increase in crashes. 

To summarize, there are or soon will be a number of data sources that 
could potentially provide the location of trucks and buses continuously 
and therefore indicate the length of time a CMV driver was driving prior 
to a crash. (The panel would be surprised if insurance companies did not 
also have relevant data.) Some direct measurement of fatigue could even 
be derived from assessment of PERCLOS data and indirectly from other 
measures. Data also will be collected on the driving environment. All of 
this information will exist for some subsets of the population of CMV 
drivers. In addition, considerable information collected on trucks and 
buses will provide data on crash-free driving, or exposure data. Some 
sources may even occasionally provide information on other character-
istics listed in Table 10-1 that are needed to undertake a comprehensive 
assessment of the factors that cause crashes, such as health status, sleep, 
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diet and exercise habits, number of years employed, and demographics. 
While these data sources will not be representative of the full population 
of truck and bus drivers, they still could be useful in analyzing relation-
ships for important subsets.

A large proportion of these data is currently proprietary. Of course, 
even if such data could be released in a protected form, the lack of stan-
dardized fields, terminology, and definitions would be problematic. To 
address this problem, these elements could be standardized and dissemi-
nated, and carriers could be asked to try to match the standard format 
prior to data submission. Efforts to make data sets more comparable 
would likely be a natural by-product of the establishment of such a col-
lective database. 

In such data sets, the names of the drivers and the fleets and even the 
specific routes would have to be suppressed to preserve anonymity. In 
addition, a variety of techniques—including error inoculation, data swap-
ping, and creation of synthetic data sets—could be applied to further pro-
tect against disclosure (see Duncan et al., 2011). Also, as discussed earlier, 
research data centers could provide access only to approved researchers, 
and review and limit the data a researcher could remove from the prem-
ises. The panel is fairly certain that such techniques could be applied suc-
cessfully to data sets from these and other similar sources to permit their 
use for research purposes.

It must be acknowledged that there are few examples of the use of 
such unstructured cooperation among the private sector, nonprofits, and 
government agencies to substitute for what should be mainly a federal 
data collection program. However, the magnitude of the existing data 
gaps makes it unlikely that these deficiencies will be addressed in the 
next several years without such cooperation. The fact that relevant data 
are currently being collected and could be shared with researchers with 
almost no chance of disclosure motivates the panel’s call for what is 
clearly a nonstandard approach to establishing a research database. In 
the short term, this appears to be one of the very limited possible means 
of acquiring this type of information that is collected by certain large car-
riers, as well as by ATRI. 

RECOMMENDATION 5: The Federal Motor Carrier Safety Admin-
istration should incentivize those that capture driver performance 
data (e.g., large fleets, independent trucking associations, compa-
nies that collect telematics data, insurance companies, researchers) 
to increase the availability of those data relevant to research issues 
of operator fatigue, hours of service, and highway safety. Any such 
efforts should ensure that data confidentiality is maintained, per-



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

190 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

haps through restricted access arrangements or use of statistical 
techniques for disclosure protection.

SOME KEY RESEARCH QUESTIONS

The data described in the preceding sections could be used to answer 
many important questions related to CMV driver fatigue and highway 
safety. This section focuses on two specific needs for additional data col-
lection (and analysis): (1) data on exposure and (2) driver decision making.

Exposure

One important need to support research in this area, described in 
greater detail in Chapter 5, is data on exposure (time spent on the road) 
and its relationship to other factors associated with driver fatigue and 
highway safety. Both exposure per hour of day—needed to compute crash 
rates and risk by time of day—and trip lengths and driving hours—as 
predictors of driver fatigue and crash risk—need to be investigated.

RECOMMENDATION 6: The Federal Motor Carrier Safety Admin-
istration should work to improve the collection of and/or access to 
baseline data on driving exposure by including in its data collection 
efforts greater detail on the driving environment and by providing 
these data at low levels of geographic aggregation—even for indi-
vidual highway segments. Comparisons enabled by the availability 
of these baseline data would benefit several proposed lines of new 
research.

Driver Decision Making

Many factors contribute to CMV drivers’ decision whether to con-
tinue driving when they recognize they are fatigued. For example, the 
nature of drivers’ compensation likely affects their assessment of their 
own economic consequences (their pay) of stopping for needed rest. 
FMCSA is currently examining this issue in its study “Impact of Driver 
Compensation on Commercial Motor Vehicle Safety,” a study the panel 
strongly supports. (The panel understands that a modification to the 
study design to address the possibility that the type of compensation 
scheme in use may be associated with other aspects of a fleet’s opera-
tion is being considered, which we also support.) Factors that might be 
included in research on drivers’ compensation are how the scheduling of 
work is carried out, whether time spent unloading and loading is treated 



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

RESEARCH DIRECTIONS FOR FATIGUE AND HIGHWAY SAFETY 191

as a separate component that is paid for, what time is spent waiting to 
load or unload, and commuting time.

Drivers’ decision making—including their ability to determine 
whether they are too drowsy to drive safely—can be compromised if 
they are fatigued (see Mitler et al., 1988). Thus driver decision making 
could be affected by the availability and location of the nearest rest area, 
truck stop, or parking area and by the delivery deadline for picking up 
or dropping off the next load. 

RECOMMENDATION 7: The Federal Motor Carrier Safety Admin-
istration should support research aimed at better understanding 
the factors associated with driver behavior related to fatigue and 
sleep deficiency, including what motivates drivers’ decisions about 
whether to continue driving when they feel fatigued. 

Such research could encompass (1) barriers to healthy practices, such as 
compensation schemes; (2) whether management’s adoption of a safety 
culture is beneficial in reducing fatigued driving; and (3) the impact of 
education and training on the degree of fatigue a driver experiences, its 
causes, and the possible results of fatigued driving. 

METHODOLOGICAL ISSUES

As discussed in Chapter 7, data collection in studies of hours of 
service, fatigue, and crash risk commonly makes use of relatively stan-
dard population study designs and statistical approaches, including case-
control designs, regression adjustment, and nonequivalent comparison 
groups. These methods can allow for the intrusion of confounding factors 
that are simultaneous with the intervention of interest. More generally, it is 
common for research on issues concerning highway safety and fatigue to 
be based on observational studies, which are prone to confounding influ-
ences related both to the indicator of receiving or having the “treatment” 
of interest and to the outcome under study (see Chapter 6). Researchers 
in this area, including FMCSA staff, therefore need to consider greater use 
of designs for nonexperimental studies that are better able to provide data 
that are easier to analyze in support of a clear causal statement. They also 
need to make use of more appropriate statistical analysis techniques that 
better utilize data from existing observational studies, again to counter 
the influence of confounding factors.

An important point emphasized in this report is that truck and bus 
drivers are heterogeneous with respect to the types of driving they do (see 
Chapter 2). Therefore, the impact of changes in HOS regulations can vary 
significantly for different drivers. Further, the type of driving can affect 
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the degree to which a driver is fatigued. Thus both the nature of drivers’ 
work-rest schedules and the type of driving they do are likely important 
causal factors for fatigue and for crash risk that need to be represented in 
any statistical model of crash risk. One way to accommodate this need is 
for the analysis to be stratified by employment type, but other constructs 
are possible as well.

It should also be noted that, as described in Chapter 6, evaluating the 
effects of causes rather than the causes of effects is often a more feasible 
and more policy-relevant goal. For example, evaluating the effect of a pro-
gram designed to reduce crashes is more feasible and policy-relevant than 
evaluating the underlying cause of a crash (see Rosenbaum, 2002, 2009; 
Shadish et al., 2002). Moreover, learning about the effects of causes can 
help provide some understanding of the causes of effects; for example, 
seeing that a fatigue management program reduces collisions provides 
some information on the extent to which crashes are caused by fatigue. 

Study Designs and Associated Data Sets

Several different types of data collection are relevant to research on 
driver fatigue and highway safety. Table 5-2 in Chapter 5 indicates the 
advantages and disadvantages of these various data sources, which vary 
in cost; fidelity to field operations; and ease of investigating specific driv-
ing scenarios, such as crashes. The main sources at present are crash data 
sets; naturalistic driving studies; simulator studies; and vehicle instru-
mentation, including electronic logging devices. In considering which 
kind of data collection to undertake to answer a specific research question, 
one needs to acknowledge tradeoffs in terms of control versus real-world 
relevance. These tradeoffs will determine whether one conducts labora-
tory studies and simulations, which can focus on specific situations a 
driver might confront, or uses field operational tests, naturalistic driving 
studies, and crash data sets, which can focus on how a change will be 
implemented in the real world and for the general population of CMV 
drivers. The former, more controlled experimental designs can include 
more (simulated) crashes and drivers with and without specific predic-
tors. The latter, less controlled designs may offer greater fidelity but are 
dominated by event-free driving. In some cases, one might need to have 
the advantages of both to address research questions related to specific 
driving circumstances but applicable to the general CMV driver popula-
tion. The focus here is on how designs of naturalistic driving studies, 
simulator studies, field experiments, and observational studies (accident 
reports) can be improved to better support research going forward. 
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Improving the Utility of Naturalistic Driving Studies

As a primary source of data on driving during noncrash periods—
referred to here as exposure data—naturalistic driving studies provide an 
important tool for research in this field. As described in Chapter 5, such 
studies provide the opportunity to collect extensive data on drivers who are 
engaging in their typical truck and bus operations. These data on noncrash 
driving are extremely useful, and when crashes do occur, their cause or 
causes can be readily determined. Thus, naturalistic driving studies occupy 
an important position between crash data and simulator studies. 

Several issues could be addressed to increase the utility of  naturalistic 
driving studies. First, as with many observational studies, naturalis-
tic driving data are collected only from volunteers, so their findings may 
not be generalizable to the entire population of truck and bus drivers. 
Second, because crashes are rare events, such studies often include fewer 
crashes than are needed to support estimation of exposure-outcome rela-
tionships with statistical models. This limitation motivates the use of 
high-kinematic events, or SCEs, as surrogate outcomes of interest. Some 
of these kinematic events, such as hard braking and swerving to avoid 
collisions, may be necessary to avoid a collision that was the fault of 
other drivers and may be due to a driver’s alertness rather than to his 
or her fatigue (or distraction). Therefore, these events are not necessar-
ily appropriate surrogate outcomes for studies on fatigued driving. (The 
assessment of whether an individual event is or is not related to fatigue is 
complicated because driving behaviors such as speed selection, lane keep-
ing, car following, and gap acceptance all can be involved. It is similarly 
not clear when a crash involves driver fatigue.) Another issue is that a 
large amount of video data is collected, and additional research is needed 
on how best to identify relevant subsets of these data. The following sub-
sections consider how these issues might be addressed.

Self-selection. To generalize any observed findings to the complete popu-
lation of truck or bus drivers, one would need to collect sufficient  covariate 
information on both the participants in a naturalistic driving study and the 
parent population to which one would like to generalize. Such informa-
tion would have to be sufficient to enable construction of a fairly strong 
predictive model of which drivers would and would not volunteer for 
such a study. Techniques that could then be used include those based on 
propensity scores, poststratification, and similar methods. Some of these 
techniques, described in Chapter 6, require information on the parent 
population that does not currently exist, but could exist if the  panel’s Rec-
ommendation 1 on a regular sample survey were implemented. 
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Use of safety-critical events (SCEs). The SCEs used as surrogates for 
crashes in naturalistic driving studies are in theory events that in slightly 
different circumstances would have resulted in a crash. In practice, these 
events often entail the driver’s causing strong g-forces on the vehicle’s 
passengers by sudden braking or sudden veering, frequently used to 
avoid a collision. However, some near-crashes are not high-g-force events 
since, for example, another driver may have used sudden braking to 
prevent a crash with one of the instrumented vehicles in the study. The 
decision as to which SCEs to include in an analysis of a given research 
question and the interpretation of results using such surrogate outcomes 
often are difficult and subject to the criticism that the SCEs used are not 
representative of the same phenomenon as crashes. Guo and colleagues 
(2010) showed that one can obtain biased estimates of parameters when 
near-crash data are added to crash data. 

Moreover, not all crashes should be treated equally. Some may be rel-
atively mild bumps into a curb, while others are much more substantial 
and result in much greater damage and injury. There also are at-fault and 
not-at-fault crashes. Certainly not all crashes, whether mild or severe, are 
reflective of problems with driver fatigue (perhaps as many as 90% are 
not). Therefore, the decision as to which crashes or SCEs are indicative 
of problems with fatigue and should be included as outcomes and which 
should not be used is quite complicated and depends on the research 
question of interest. The crucial issue here is the need to measure out-
comes that are meaningful for the research problem under investigation.

The panel advocates use of the following principles to help determine 
the validity of utilizing specific types of SCEs as crash surrogates. Use 
of SCEs is warranted, first, if they can be shown to have causal factors 
identical to those of crashes and, second, if there is a strong correlation in 
their frequency over different driving scenarios (see Guo et al., 2010). As 
an example, Guo and colleagues (2010) found that near-crashes provided 
useful information for distraction risk assessment and that use of such 
near-crash incidents would generate conservative estimates of risks. And 
Kim and colleagues (2013) found that when a g-force was beyond a pre-
specified threshold, it was a good predictor of crash risk.

Another reason to analyze SCEs, apart from their inclusion with 
crashes as outcomes of interest, is to predict future driving risk. It has 
been shown that high-g-force events and other SCEs are good predic-
tors of driving risk (see Guo and Fang, 2013). Fleets (e.g., Lytx) also use 
telematics data on noncrashes to improve safety. Existing data sets, such 
as that of the Strategic Highway Research Project (SHRP) 2, can poten-
tially be used to evaluate whether different types of SCEs are valid crash 
surrogates for the study of driver fatigue.

Finally, the issue of surrogate outcomes has a rich history in bio-
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statistics and epidemiology, and recent advances in these fields could be 
examined for their relevance in refining understanding of the use of sur-
rogate outcomes. (Good overviews can be found in Joffe and Green [2009] 
and Wittes et al. [1989]. Engineering approaches to this problem can be 
found in Jonasson and Rootzén [2014] and Tarko [2012].)

Use of feature extraction for video data. Research on feature extraction 
for video data is of continuing interest in computer science and other 
fields. Advances in this area could provide an alternative to kinematically 
defined SCEs for driving researchers. One would like to identify patterns 
in which behaving one way greatly lowers or raises the risk of a crash, 
and not behaving that way either does not affect the risk or moves it in 
the opposite direction. Since manually coding the continuous behavior 
of a driver throughout the many hours of a naturalistic driving study is 
extremely difficult, kinematic and similar events currently are used to 
identify short segments of the complete video capture for which one can 
code the behaviors that preceded an accident or an SCE. However, this is 
the same as examining crashes to assess the impact on crash risk of behav-
iors that preceded the crashes when one does not know how common 
those behaviors were during driving time when no crash or SCE occurred. 
It would be extremely helpful if software were developed that could alert 
the analyst to behaviors or situations that were good at discriminating 
between times of safe and unsafe driving. 

Impressive research is currently being carried out on feature extrac-
tion from video. Two key research areas are understanding the degree 
to which a driver is fatigued from data captured by a camera focused 
on his or her physiognomy, and learning about the driver’s external 
situation from a video trained on the road ahead (for details, see Hebert 
[2014]). Some of the challenges to such research arise because any fleet 
that considered installing cameras to collect such video data would likely 
use relatively low-cost cameras, which would not provide high enough 
resolution to see the driver’s eyelids in all types of light or make it pos-
sible to see much more than 100 feet ahead to identify anomalous events. 
Therefore, it would be difficult to determine whether a driver’s actions, 
such as swerving or braking, were warranted.

Naturalistic driving studies, such as SHRP 2, collect thousands of 
hours of driving data, so human assessment of such data is nearly impos-
sible. While the time during which no crashes (or no SCEs) occur is valu-
able for providing baseline comparisons, the density of features of interest 
during noncrash time may not be very high. One therefore has at least 
two options. First, one can look only at interesting events that are easy 
to search for automatically, such as high-kinematic events and crashes. 
This approach can provide hypotheses for behaviors and situations that 
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are risky. However, it cannot support assessments of increased risk since 
one is ignoring overall exposure data. Second, one can sample from the 
noncrash time periods and examine those periods for features of interest. 
Work by McDonald and colleagues (2013) greatly reduces the amount of 
video data by utilizing an alphabet indicating what actions took place. 
However, this data reduction approach requires that a human perform the 
interpretation and scoring, and until these tasks can be automated, its util-
ity is somewhat limited. Therefore, it is difficult to determine what driver 
behaviors unanticipated by the researcher might be linked to increased 
crash risk. This is an important area for future research as cameras and 
pattern recognition techniques improve. 

Improving Crash Reports and Data from Observational Studies in General

Most currently available data on traffic safety are collected in observa-
tional studies, which do not benefit from the relatively equal distribution 
of behaviors or characteristics across treatment groups that characterizes 
a randomized experiment. As Chakraborty and Murphy (2013) note, “In 
observational data associations observed in the data (e.g., between treat-
ment and outcome) may be partially due to the unobserved or unknown 
reasons why individuals receive differing treatments as opposed to the 
effects of the treatments. Thus to conduct inference, assumptions are 
required.” Accordingly, these data sets are limited with respect to what 
can be learned about the impact of a change in a regulation or the institu-
tion of a new or modified policy or program.

To address this problem, various types of observational designs can 
be used to enable more valid inferences about what changes might reduce 
crash frequency. Further, certain techniques can be used on data from 
observational studies to provide the balancing needed for confounders 
so that the comparison between the “treatment” and “control” groups 
approximates the comparison that would be possible with random assign-
ment (see, e.g., Hernán and Robins, 2008). Examples of these approaches 
include encouragement designs, regression discontinuity, and interrupted 
time series designs. There are also many methods, such as difference of 
differences, propensity scoring, and instrumental variables, that can be 
used on observational data to account for unbalanced confounders. Chap-
ter 6 introduces some of these techniques. Here the focus is on how they 
might be applied in the context of driving studies.

The approaches that could be attempted include both experimental 
and nonexperimental designs—studies in which a number of factors are 
randomly selected for or in which little random selection of factors is 
conducted, respectively. FMCSA could play a role in the design of experi-
ments since policy interventions can be conducted in a way that facilitates 
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randomization. For example, if FMSCA were considering changes to HOS 
regulations, to the North American Fatigue Management Program, or to 
certified medical examinations, it could first pilot the changes by rolling 
them out in ways that would allow for rigorous evaluation, such as by 
randomly selecting truck drivers to receive some new technology.6 

There are also many scenarios in which nonexperimental designs, 
which often are more feasible than experiments, could be used to help 
isolate the causal effects of interventions. For example, an existing varia-
tion in medical examiners’ policies regarding which drivers to approve 
could be used to look at the effects of the relevant health conditions on 
crash rates (under the assumption that those being evaluated were other-
wise similar). This would be analogous to medical studies using physi-
cian prescribing preference as an instrumental variable for examining the 
effects of specific drugs on outcomes. Similarly, trends in, for example, 
crash rates for specific entities could be used for comparative interrupted 
time series designs comparing states or companies with and without 
policy changes.

In observational studies that compare a “treated” and an “untreated” 
group, one always needs to be careful about confounding due to differ-
ences between the two groups on baseline characteristics that are also 
associated with outcomes. For example, comparison of different types of 
compensation strategies could be problematic if the trucking companies 
that implement one compensation strategy differ on other factors (such 
as driver tenure, types of trucks, types of routes, and driving conditions) 
from those that implement the control strategy. One often can adjust for 
those confounding variables by using such methods as propensity scor-
ing. Another approach to try is a comparative difference in differences 
analysis (a special type of interrupted time series design). (See the discus-
sion of methods in Chapter 6.)

Perhaps more relevant to the health and wellness issues discussed in 
Chapter 11 are sequential multiple assignment randomized trial (SMART) 
designs and observational study analogues, developed by Susan Murphy 
and her colleagues (see, e.g., Almirall et al., 2014). Given the heteroge-
neous nature of truck drivers and the likelihood that they will use a vari-
ety of interventions over time, researchers in this field may find that there 
are applications for this new class of experimental designs. 

For example, consider a naturalistic study of the effects of one versus 
two nights of rest after a workweek for truck drivers. A driver would 

6 For examples of other agencies and government groups using similar techniques, see 
http://www.mathematica-mpr.com/our-publications-and-findings/publications/smarter-
better-faster-the-potential-for-predictive-analytics-and-rapidcycle-evaluation-to-improve 
[March 2016].
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sometimes elect to drive after 1 day of rest and sometimes after 2 days. 
Here each driver is adapting the “treatment” based on his or her character-
istics and previous experiences with each type of rest duration, as well as 
the immediately prior workweek, and these variations could be analyzed 
with a SMART design. The goal would be to identify optimal dynamic 
treatment regimes (i.e., the optimal rest patterns that adapt to previous 
rest). The panel believes this may be a fruitful approach for research.

Finally, as has been discussed, several different sources of data are rel-
evant to research on driver fatigue and highway safety whose use entails 
trade-offs in terms of control versus real-world relevance. Each source has 
advantages and disadvantages with respect to support for causal infer-
ence and generalizability. Researchers could consider combining these 
sources to maintain their advantages and mitigate their disadvantages.

An example is the case in which policy questions can be divided into 
two or more components. Consider the question of whether any among 
several medications are fatigue inducing, such that those drivers using 
such medications at various dosages might be at greater crash risk. First, 
one might test in a simulator whether those drivers taking various doses 
of the different drugs had slower response times or performed worse in 
applying defensive driving techniques in induced crash-likely scenarios. 
The results would indicate which medications were worrisome and at 
what levels. Then, the question would be whether these findings could 
be generalized to the general CMV driver population and to real-world 
driving. To investigate that question, one might request a set of observa-
tional data from a large carrier listing the specific medications used by 
their drivers that had been found to be worrisome to see whether those 
drivers taking doses above and below the worrisome level had different 
crash frequencies. The simulator study would have helped reduce the 
chances of false positives and would have identified the medications and 
doses on which to focus. And to balance those drivers above and below 
the threshold dose for confounding factors for any given drug, techniques 
such as propensity scoring might be used. Much more generally, such 
phased approaches to research in this area might be useful. 

Assessment of New Technologies for Reducing Fatigued Driving

A previous section described how electronic data recorders, driver 
monitoring technology, and fatigue detection technology can be used to 
provide relevant data for research on crash risk. Obviously, these tech-
nologies, if successful, could also accomplish their intended purpose, 
which is to reduce the frequency of drowsy driving and enhance driver 
and vehicle safety. However, the claims for new technology can some-
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times exceed the realized benefits. Therefore, the panel notes here some 
issues that need to be addressed in the proper evaluation of such devices.

First, it is necessary that any device designed to help avoid collisions 
by alerting fatigued drivers be adequately field tested, including whether 
and how alerts are communicated to the driver and/or the fleet and the 
incentives, if any, for complying with the warnings. Such testing is com-
plex and requires a human engineering approach and a human-systems 
integration perspective, along with expertise in the study of fatigue. This 
is the case because to identify effective methods for alerting drivers in a 
way that will get their attention, it is necessary to determine what false-
negative error rates most drivers would view as tolerable, as well as other 
aspects of the interaction between the driver and the system. 

Furthermore, the panel believes such testing would need to adhere 
to the following two principles: (1) tests need to be carried out by third 
parties to reduce the opportunity for biased assessments, and (2) care is 
necessary in constructing valid comparison groups, as well as in study-
ing the contrasts between those with and without the device in question 
(potentially including the use of such techniques as propensity score 
matching). To communicate what a valid testing scheme would entail, 
it would be helpful for FMCSA and the National Highway Traffic Safety 
Administration to develop and issue a joint report indicating what they 
view as necessary features of an effective testing program.

RECOMMENDATION 8: Using a human-systems integration 
framework, the Federal Motor Carrier Safety Administration and 
the National Highway Traffic Safety Administration, in consulta-
tion with the Centers for Disease Control and Prevention and the 
National Institutes of Health, should develop evaluation guide-
lines and protocols for third-party testing, including field testing, 
conducted to evaluate new technologies that purport to reduce the 
impact of fatigue on driver safety. 

STATISTICAL ISSUES 

Complex Correlation Structures

Researchers often employ standard statistical models on crash data. 
One can find examples of the use of logistic regression (for, say, acci-
dents versus no accidents) or modeling of the number of accidents using 
 Poisson regression, sometimes zero-inflated to deal with a large percent-
age of zero values or adjusted to accommodate overdispersion. Fatigue 
has transient effects on driving safety, so analysis typically needs to be 
conducted at a detailed level, such as the level of a trip or a driver. In 



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

200 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

this level of analysis, standard statistical models can fail to accommo-
date the correlation structure that is typical of data from naturalistic and 
other observational studies. This correlation structure is due to the fact 
that observations from the miles traveled by a given driver, everything 
else being fixed, are more highly correlated with results from other miles 
traveled by the same individual than with miles driven by someone else. 
Similarly, observations on a given segment of highway, everything else 
being fixed, are more highly correlated with other driving on that segment 
than with results from other segments. Temporal correlations may also be 
present, with observations at a given point in time being highly correlated 
with observations from nearby points in time. Such correlation structures 
can be handled using models with random effects for individual drivers 
and for road segments or through the use of models that integrate time 
series components. Models of this type, known as mixed-effects or hier-
archical models, warrant more frequent consideration in the analysis of 
CMV driving data. A study by Kim and colleagues (2013) is a relevant 
example from the passenger vehicle literature, in which the number of 
high-g-force events on a trip is modeled with driver random effects and 
a latent temporal structure. 

Another approach to handling heterogeneity in driving behavior 
is through the use of latent variable or hidden Markov models. These 
 models represent heterogeneity over time within a driver through the use 
of assumed hidden or latent states (e.g., a high-risk driving and a low-risk 
driving state) whose value is inferred as part of the statistical analysis. For 
example, Jackson and colleagues (2015) use a two-state hidden Markov 
model in the analysis of trip-level driving data from a naturalistic study 
of teenage drivers. Methodologies drawn from survival analysis, such as 
recurrent event models and time-to-event models, may also be useful for 
the analysis of driving safety data. 

Mannering and Bhat (2014) provide additional discussion of meth-
odological approaches that have been applied to driver safety studies, 
together with a large number of salient references.

Power of Studies

Studies of truck and bus drivers often must make use of relatively 
small sample sizes, and the panel was asked to comment on the assess-
ment of power for such studies. Before doing so, it is valuable to empha-
size that the framework proposed in this chapter emphasizes attempts 
to estimate the magnitude of the effect of different factors on crash risk 
or other safety outcomes. Estimation of effect sizes, supplemented with 
confidence intervals that provide information about the effects of sam-
pling variability, is a useful way to summarize the information available 
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in a given study. Occasionally, statistical studies are summarized using a 
significance test; this approach is most appropriate in assessing whether 
a particular intervention provides any improvement over the status quo. 
If the goal is substantial improvement, however, significance tests alone 
will be insufficient. Instead, one will need to be provided with a confi-
dence interval. Should a significance test make sense, the power of the 
study based on the sample size and the effect difference sought needs to 
be noted explicitly.

If one is using the significance of a hypothesis test as support for a 
research finding that a factor is (likely) causal, one must be aware of both 
error rates associated with the test—namely the probability of observing 
a significant result when that the factor has no effect, which is often set 
to small values such as 1 or 5 percent—and the probability of not observ-
ing a significant result when the alternative hypothesis is true—that the 
factor has an effect. This second error rate is one minus the power of the 
test. The power of a hypothesis test is sometimes ignored when a study is 
being designed, but a test with power of less than, say, 75 percent means 
that there is at least a 25-percent chance of not finding a significant result 
when there is one. Therefore, it is important to design a study so that the 
power of the alternative hypothesis is sufficiently high to trust the results. 
This section provides some general guidance on power analyses.

First, the alternative hypothesis often includes a range of possibili-
ties. For example, the alternative hypothesis might be that a program had 
some beneficial effect on reducing driver fatigue versus the null hypoth-
esis that the program had no or a detrimental effect. It will not be possible 
to obtain high power for all ranges of the alternative hypothesis since it 
will be difficult to distinguish a program with a very small effect from one 
with no effect. Furthermore, it may not be of practical importance whether 
a program has a very small or no effect. One needs to decide what magni-
tude of effect is of practical importance and choose the sample size so that 
the power of the study is high (e.g., greater than 80%) for all magnitudes 
of effects that are practically important.

In addition, calculating power post hoc is not the same as carrying 
out a power analysis prior to a study to determine whether it is worth 
conducting. This is the case because one can derive a significant result 
and then assess the power as being high, but that might be an artifact of 
a significant result that was due to chance. For details, see Hoenig and 
Heisey (2001).

Finally, in the case of observational studies, there is likely a bias due to 
the lack of balance of various confounding factors. If a sensitivity analysis 
can provide a bound of the impact of the confounders collectively, one 
would like to have power to reject the null hypothesis even allowing for 
bias from confounders up to the bound. (See Rosenbaum [2004], Small 
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and Rosenbaum [2008], and Zubizarreta et al. [2013] for examples.) The 
panel acknowledges that the ability to do this depends on having plau-
sible ranges of the imbalance and impact of confounders. Those assump-
tions can be informed by research on the confounders and their associa-
tions both with each other and with the outcomes of interest. For details, 
see Hsu and Small (2013) and Shepherd et al. (2007).

CONCLUDING REMARKS

As the panel has argued, research in the area of the association 
between CMV driver fatigue and crash risk, while often praiseworthy, 
has not always been reflective of current statistical methods with respect 
to both study design and analysis. Since the number of staff that FMCSA 
can devote both to writing requests for proposals and to reviewing sub-
missions is limited, and since the number of statisticians it has on its staff 
is similarly small, the institution of a peer review system would help in 
formulating requests for proposals for research projects that would make 
greater use of the latest statistical methods, which, given the complex 
nature of data on crashes, are often an advantage. Further, such a peer 
review system could be used to evaluate the resulting proposals and 
to monitor progress after awards. Examples of agencies with such peer 
review systems include the U.S. Department of Education and the Agency 
for Healthcare Research and Quality. 

FMCSA also makes use of indefinite delivery, indefinite quantity con-
tracts (IDIQs), to facilitate contract awards. The panel believes such IDIQs 
need to include a broader collection of researchers with statistical exper-
tise. Finally, for investigator-initiated studies, FMCSA needs to have more 
infrastructure to provide for greater interaction with such researchers 
while they are designing and carrying out their studies.

RECOMMENDATION 9: The Federal Motor Carrier Safety Admin-
istration should make greater use of independent peer review in 
crafting requests for proposals, assisting in decisions regarding 
awards, and monitoring the progress of projects (including in the 
study design and analysis stages). Peer review should include 
expertise from all relevant fields, including epidemiology and sta-
tistics—especially causal inference—to address appropriate design 
and analysis methods. 
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Truck and bus drivers are susceptible to many chronic health issues, 
including obstructive sleep apnea (OSA), hypertension, cardio-
vascular disease, adult-onset diabetes, and various other condi-

tions commonly associated with obesity (see Chapter 2). The statement 
of task for this study includes the following: “The panel will also assess 
the relationship of these factors [hours of driving, hours on duty, and 
periods of rest] to drivers’ health over the longer term.” The need to 
study the relationship between fatigue and various health problems is 
supported in Chapter 8, where Czeisler (2015) is quoted: “Persons expe-
riencing sleep insufficiency are more likely to have chronic diseases such 
as cardio vascular disease, diabetes, depression, or obesity.” Chapter 8 
summarizes what is currently known about the relationship between 
commercial motor vehicle (CMV) driving and various long-term health 
issues, while Chapter 9 summarizes approaches to fatigue management 
and health and wellness management.

This chapter describes research that the Federal Motor Carrier Safety 
Administration (FMCSA) and other agencies could support to address 
long-term health problems in the population of CMV drivers. It offers the 
panel’s recommendations concerning fatigue management and health and 
wellness management, with the goal of improving the long-term health 
of CMV drivers. Discussed in turn are a framework for assessing factors 
related to CMV drivers’ health and wellness; the need for an ongoing 
survey of CMV drivers to inform understanding of the causal role of 
these factors; obstructive sleep apnea (OSA) a particular fatigue-related 

11

Research Directions for Studying the 
Impact of Fatigue on  

Commercial Motor Vehicle 
Drivers’ Health and Wellness
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health problem affecting drivers’ health, as well as crash risk; the utility 
of commercial driver medical examination (CDME) data as a longitudinal 
health data set on CMV drivers; the need for research on drug use and 
driving performance; and research directions for evaluation of health and 
wellness programs.

A FRAMEWORK FOR ASSESSING FACTORS RELATED 
TO DRIVER HEALTH AND WELLNESS

Chapter 10 stresses the importance of collecting information on a 
wide variety of factors with a potentially important, causal role in crashes 
involving commercial motor vehicles, as well as on the various outcomes 
of interest, such as crash rate. Such information gathering is relevant here 
as well, to help understand the extent to which various fatigue-related 
risks and other causal factors impact driver health and wellness. Without 
such efforts, analyses may be biased by confounding influences. What is 
needed is a comprehensive view of what causes long-term sleep insuffi-
ciency and the long-term health conditions experienced by CMV drivers. 
Table 11-1 is somewhat analogous to Table 10-1 in Chapter 10, but it omits 
some of the rows of that table since the specific driving  environment—
other than what would be related to years of experience—and various 
factors concerning the performance of one’s truck or bus would not be 
likely to affect a driver’s long-term health profile (although this associa-
tion is at least somewhat unclear since, for example, stresses due to winter 
or high-density driving could accumulate). The column on granularity in 
Table 10-1 also is omitted in Table 11-1 since most of the relevant data will 
be at the individual level. In addition, the outcomes of interest are much 
different from those in Table 10-1, focusing on a driver’s long-term health 
in addition to long-term sleep insufficiency. Given the somewhat broader 
scope of Table 11-1, completing it may be more difficult than is the case 
for Table 10-1. 

THE NEED FOR AN ONGOING SURVEY OF 
COMMERCIAL MOTOR VEHICLE DRIVERS

One goal is to understand the nature and extent of the various long-
term health conditions experienced by CMV drivers, and so understand 
whether these conditions are a by-product of their occupation or would 
have developed regardless of the work they do. To understand what 
aspects of their occupation or other behaviors are causal for these condi-
tions, it may be necessary to conduct a longitudinal survey (or a series 
of surveys) of CMV truck and bus drivers over time. The goal would be 
to collect information as their health changed over decades spent in the 
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profession. Observing what behaviors, and over what duration, are asso-
ciated with changes in health status and result in these conditions may 
be crucial to understanding how regulatory and policy modifications to 
hours-of-service (HOS) regulations, requirements for medical standards 
and examinations, and educational programs can help reduce the risk of 
developing these conditions. 

Specifically, to develop an in-depth understanding of the health prob-
lems of CMV drivers, one would ideally follow individual drivers for a 
number of years, collecting information on the nature of their job; their 
average number of working hours; their sleep, diet, and exercise habits; 
their medical condition (weight, blood pressure, use of medicines and 
drugs, even caffeine use); their incidence and degree of acute and chronic 
driver fatigue; and their crash experience—all at regular intervals. The 
above list may be large, but tracking many or most of these variables lon-
gitudinally would be the best way to answer key questions about CMV 
drivers’ long-term health. To this end, previous efforts to collect fairly 
intrusive information from CMV drivers could be repeated and improved 
upon. Examples include the Commercial Driver Individual Difference 
Study by FMCSA, a cohort study of 20,000 drivers followed for 2-3 years, 
and the National Institute for Occupational Safety and Health (NIOSH) 
survey (Sieber et al., 2014) described in Chapter 5. The lessons learned 
from such studies could help in the design of the longitudinal data col-
lection envisioned by the panel.

Clearly, the collection of information on some of these variables 
would have to rely on driver self-reporting, raising the possibility of 
misresponse. Assurance of confidentiality of any data collected would 
perhaps alleviate many of the concerns of the respondents. Nonetheless, 
questions about sleep habits and conditions related to OSA in particular 
are likely to elicit misresponse. If this problem became widespread, it 
might be necessary to conduct a medical examination for a subset of the 
respondents as a means of calibrating the responses.

One important objective would be to identify career drivers who do 
and do not develop various health conditions to determine what factors 
may have contributed to either a negative change in a driver’s health sta-
tus or maintenance of the status quo. For instance, survey data collected 
to date indicate that CMV drivers have a high rate of obesity, which is 
associated with an increased risk of OSA, diabetes, hypertension, and 
cardiovascular problems. To design an effective behavior modification 
program for reducing the frequency of obesity, one would need to know 
what factors help discriminate between those drivers that do and do not 
become obese. Another advantage of a longitudinal data collection is 
that it would make it possible to keep track of entry and exit to and from 
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the profession, and as a result help in understanding the impacts of such 
movements on driver health and driver safety. 

Given the data gaps that will be clear upon completion of Table 11-1, 
the panel is convinced that a longitudinal survey, or a survey adminis-
tered frequently over time, of the health and wellness of CMV drivers will 
be necessary to collect the needed information. The establishment of a 
longitudinal survey has greatly improved understanding of the dynamics 
of changes in health characteristics in many areas of public health. Exam-
ples of such surveys include the Health and Retirement Survey and the 
Framingham Study. Further, the databases built with the results of these 
surveys have proven useful for addressing some unanticipated questions 
about the subject populations. Longitudinal surveys also can often sup-
port natural experiments and other types of analyses that provide clues 
to understanding the causal factors for various outcomes. 

The costs of such an undertaking would depend on the survey’s 
sample design, especially the sample size. The sample size would depend 
largely on whether subnational estimates are needed; the expected attri-
tion rate for survey participants; the costs of following up, which are 
likely to be substantial given the difficulty of contacting and tracking this 
population; and whether the inclusion of medical measurements or tests 
is desired, either for the entire survey population or for a subset.1 

While a longitudinal study design is preferable for collecting the 
needed information, a repeated cross-sectional design may be more fea-
sible. A repeated cross-sectional design can provide baseline estimates 
and capture trends over time for variables of interest, and is appealing for 
studying subpopulations when sample sizes are small in individual cross-
sectional data sets. Thiese and colleagues (2015b) relied on a repeated 
cross-sectional data set to quantify the prevalence and trends over time 
of multiple medical conditions in CMV drivers. The data set was drawn 
from the Road Ready database of CMV driver medical examinations for 
2005 to 2012. There also are methods for using repeated cross-sectional 
studies in a way that allows inferences almost as if the studies were 
longitudinal. These methods include (1) designing questionnaires that 
ask similar questions when the survey is fielded at different periods, and 
(2) constructing pseudo-cohorts. One can define a cohort by restricting 
the time period of birth (age) or some other common characteristic (car-
rier size, employer, type of load). A simple example would be compar-
ing CMV drivers aged 25 to 45 across different cross-sectional data sets. 
Another example would be comparing the prevalence of certain medical 
conditions among drivers employed by large fleets and among a group 
of independent owner-operators across different cross-sectional data sets. 

1 One way of dealing with attrition is to use refreshment samples (see Hirano et al., 2001).
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However, cross-sectional studies are ultimately limited in terms of track-
ing changes in an individual or a cohort over time. 

RECOMMENDATION 10: The U.S. Department of Health and 
Human Services and/or the U.S. Department of Transportation 
should fund, design, and conduct an ongoing survey that will allow 
longitudinal comparisons of commercial motor vehicle drivers to 
enable tracking of changes in their health status, and the factors 
likely to be associated with those changes, over time. In addition, 
it would be highly desirable for the survey data thus collected 
to include sufficient information to enable linking of the data to 
relevant electronic health records, with a particular focus on condi-
tions that may threaten drivers’ health and safety. 

OBSTRUCTIVE SLEEP APNEA

As noted in earlier chapters of this report, OSA is a particular problem 
directly associated with driver fatigue, highway safety, and driver health. 
As described in Chapter 8, there is very strong evidence in the case of 
drivers of passenger vehicles that OSA is a risk factor for negative safety 
outcomes (Tregear et al., 2009b), as well as for other health problems, such 
as hypertension. It is widely believed that a high incidence of OSA in 
CMV drivers also presents a significant risk of driver fatigue and therefore 
a safety risk on the nation’s roadways. 

Continuous positive airway pressure (CPAP) is the primary treat-
ment for OSA, with an estimated 60-70 percent adherence to the therapy. 
Bilevel positive airway pressure or adaptive servo-ventilation is used for 
patients who are intolerant to CPAP. Dental devices, surgery, and weight 
loss are also current treatments (Jordan et al., 2014). Use of CPAP devices 
helps reduce the safety risk. Because of the problem of limited adherence, 
CMV drivers’ compliance with OSA treatment protocols is likely to be a 
confounding factor in research addressing this issue. As a result, three 
groups of drivers with OSA probably need to be assessed for their long-
term health and crash rates: (1) those who are compliant with their OSA 
treatment protocol, (2) those who are being treated but are not compliant 
with their protocol, and (3) those who have OSA but as yet are not being 
treated for it. 

Obstructive Sleep Apnea Screening for CMV Drivers

FMCSA requires that CMV drivers maintain a current medical exam-
iner’s certificate to drive. CMV drivers must be examined at least every 
2 years to ensure that they are fit to operate their vehicle without risk of 
sudden or gradual impairment or incapacitation. As described in Chap-
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ter 8, CMV drivers are to be examined by certified medical examiners 
who, when performing the medical exam, are to check drivers against 13 
federal medical qualification standards. Of these standards, 4 are absolute 
and leave no discretion to the examiner other than determining whether 
the driver may be eligible for an exemption. For the other 9 standards, the 
examiner is responsible for the certification determination based on guid-
ance issued by FMCSA. 

One of the 13 medical standards states: “A person is physically quali-
fied to drive a motor vehicle if that person has no established medical 
history or clinical diagnosis of a respiratory dysfunction likely to interfere 
with his ability to control and drive a motor vehicle safely.” Even though 
this standard does not specifically mention OSA, OSA is cited in the 
advisory criteria as a respiratory condition that can interfere with oxygen 
exchange and pose a potential safety risk. The Medical Examiner Handbook 
contains some, although minimal, guidance on evaluation of drivers with 
OSA. As discussed in Chapter 8, the FMCSA Medical Review Board and a 
Medical Expert Panel on Obstructive Sleep Apnea and Commercial Motor 
Vehicle Driver Safety presented recommendations to the agency concern-
ing screening, diagnosis, treatment, and monitoring of CMV drivers for 
OSA in 2008 and 2012. However, FMCSA did not adopt these recom-
mendations. Since there is no specific guidance on criteria for evaluating 
drivers at risk of OSA or on treatment and follow-up, medical examiners 
are inconsistent in their evaluation of drivers who may be at risk of OSA. 

Until September 2014, examiners could be any health care provider 
licensed by their state to perform physical examinations, with neither 
training nor certification required. The National Registry of Certified 
Medical Examiners (NRCME) was fully implemented only as recently as 
2014. FMCSA’s purpose was to have all CMV drivers examined by trained 
and certified medical examiners who understood the CMV driving pro-
fession and the pertinent medical standards in the agency’s regulations 
and guidelines, including those applicable to OSA. Medical examiners 
may include medical doctors; doctors of osteopathy; nurse practitioners; 
physician assistants; and in some states chiropractors, dentists, or even 
physical therapists. 

The absence of specific guidance to certified medical examiners on 
assessing CMV drivers for OSA presents challenges for employers who 
rely on the medical examiner to make determinations but who find that 
inconsistent criteria are used. FMCSA issued a bulletin to medical exam-
iners and training associations on January 20, 2015,2 stating that  examiners 

2 FMCSA Bulletin to Medical Examiners and Training Organizations Regarding Obstruc-
tive Sleep Apnea. See https://nationalregistry.fmcsa.dot.gov/NRPublicUI/documents/
OSA%20Bulletin%20to%20MEs%20and%20Training%20Organizations-01122015.pdf [March 
2016].
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should use current best practice in determining which drivers should 
have objective testing and offering some considerations for addressing 
OSA, but noting that FMCSA has no specific standards. 

RECOMMENDATION 11: The Federal Motor Carrier Safety Admin-
istration should continue to encourage all individuals included in 
the National Registry of Certified Medical Examiners to utilize 
current best practices in identifying drivers who should be referred 
for additional sleep malady testing and in making determinations 
about commercial driver’s license renewal extensions. It would be 
highly preferable, as soon as possible, to supply the examiners with 
clear criteria or guidance on when it is appropriate to refer present-
ing drivers for sleep malady testing. 

Need for Additional Research on Obstructive 
Sleep Apnea Among CMV Drivers

Understanding the linkage between OSA and crash frequency among 
CMV drivers is important to the charge to this panel, to FMCSA, and to 
the truck and bus industries. This understanding will remain incomplete 
if three related questions are not addressed: (1) whether OSA severity 
(mild, moderate, severe) influences crash risk; (2) whether OSA influences 
crash severity for commercial motor vehicles (fatal, injury, property dam-
age only); and (3) whether OSA severity influences crash severity. 

As noted above, evidence of an association between OSA and safety 
risk is strong for drivers of passenger vehicles. Mulgrew and colleagues 
(2008) used crash data for patients suspected to be suffering from OSA to 
investigate the association between OSA severity and crash severity. The 
study found that patients with OSA were at an increased risk of crashes 
and that the crash risk did vary by OSA severity (2.6 times higher for mild 
OSA, 1.9 for moderate, and 2.0 for severe), but did not increase monotoni-
cally as suspected. The crash risk was disproportionately higher in the 
case of crashes that involved a personal injury (4.8 times higher for mild 
OSA, 3.0 for moderate, 4.3 for severe) (Mulgrew et al., 2008). 

There also remain a number of key questions concerning OSA and 
CMV drivers. These include (1) what percentage of CMV drivers are 
affected; (2) what the increased crash risk is for CMV drivers for varying 
degrees of apnea-hypopnea (i.e., the severity of OSA); (3) how best those 
at risk for OSA can be identified as a result of the observations and tests 
conducted by nationally registered medical examiners; (4) to what extent 
CPAP and related treatment technologies reduce the risk associated with 
OSA; and (5) what length of treatment and what degree of treatment 
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compliance (i.e., the number of hours a night and number of nights a year 
CPAP is used) will generate such reductions.

Related to the question of identifying drivers who should be referred 
for diagnostic testing for OSA, expert panels and advisory boards have 
issued a number of recommendations as to characteristics that could iden-
tify which drivers should be evaluated for OSA. Those recommendations 
include utilizing body mass index (BMI) above a specified value, enlarged 
neck circumference, or obstructed posterior throat, or certain medical 
conditions such as hypertension. As noted above, however, while there 
are various potential screening criteria for OSA, FMCSA has not indicated 
which of these should be used in certifying medical exams, and as a result, 
medical examiners do not apply consistent criteria with respect to OSA. 

What is needed is clear-cut guidance from FMCSA on the criteria 
medical examiners could/should use to determine which drivers need to 
be referred for diagnostic sleep disorder testing, on acceptable diagnostic 
criteria, on the level of apnea-hypopnea index (index of severity of OSA) 
that would necessitate treatment, and on the acceptable duration and fre-
quency of treatment. Also needed is guidance on what criteria should be 
used for removing a driver from service by restricting his/her commercial 
driver’s license (CDL) because of the presence of untreated OSA and for 
how long if indicated. 

The problem of finding a statistical rule for screening a population for 
testing by identifying groups of people much more and much less likely 
to have a characteristic is a classic problem in discriminant analysis. Many 
statistical techniques can be used to find excellent rules given a “training 
set” of input data (data for a set of drivers indicating whether they have 
OSA and their health characteristics that would be available to a medical 
examiner) on drivers with varying degrees of characteristics that may 
play a role in determining the screening rule and with varying degrees of 
OSA severity. The characteristics of interest include weight, height, neck 
circumference, degree of obstructed posterior throat, and degree of hyper-
tension. The techniques that can be utilized include normal theory-based 
discriminant analysis, logistic regression, classification trees, neural nets, 
and support vector machines. Given a good training set, finding a good 
discriminant rule can be straightforward. 

Screening rules need to have low errors of two types: the rules need 
to rarely indicate that drivers should have a test for OSA when they do 
not have an extreme case of OSA and to rarely indicate that drivers do not 
need to be tested when they do have an extreme case. It would be difficult 
to know the possible levels of these two error rates prior to testing. It is 
relatively clear that the error of not testing when it is called for is more 
important than the error of testing those who turn out not to have severe 
cases of OSA. Thus it might be sensible to set the error of not testing when 
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needed to some acceptable low value and then choose the procedure that 
minimizes the error of testing when unnecessary.

RECOMMENDATION 12: The Federal Motor Carrier Safety 
Administration should support peer-reviewed research on obstruc-
tive sleep apnea (OSA) and commercial motor vehicle drivers 
throughout all the research stages, from the drafting of requests for 
proposals through analysis of data. The supported research should 
be focused on a better understanding of the incidence of OSA 
in commercial motor vehicle drivers; its impact on driver fatigue, 
safety, and health; and the benefits of treatments. Specific research 
topics might include

•  determining the number of commercial motor vehicle drivers 
whose quantity/quality of sleep and driving performance are 
likely affected at various levels of apnea-hypopnea (index of 
OSA severity);

•  determining what rules for sleep-screening referrals are effec-
tive in discriminating between those commercial motor vehicle 
 drivers with and without OSA; 

•  delineating the causal chain from diagnosis of OSA (preferably 
as a function of severity) to increased likelihood of crash fre-
quency among commercial motor vehicle drivers;

•  determining the impact of treatment with positive airway pres-
sure (PAP) and similar devices on long-term health and crash 
rates among commercial motor vehicle drivers with varying 
degrees of apnea severity; and

•  identifying the required/recommended duration of initial PAP 
treatment (e.g., suggested number of hours of treatment per day/
week) before a driver can be certified to return to driving. 

UTILITY OF COMMERCIAL DRIVER 
MEDICAL EXAMINATION DATA

During the medical exam required every 2 years for a CMV driver 
to maintain his or her CDL, the medical examiner notes the presence 
and absence of numerous health conditions and provides certification 
decisions. There are web-based platforms wherein the medical examiner 
can store results of the examination and certification decisions. For exam-
ple, Thiese and colleagues (2015b) obtained CDME data for 88,246 CMV 
 drivers from such a web-based platform—Road Ready, Inc. They studied 
medical data for the years 2005 to 2012 and analyzed them for associa-
tions among BMI, medical disorders, and driver certification (Thiese et 
al., 2015a). 
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CDME data are a valuable source of information on driver demo-
graphics, medical history, height, weight, blood pressure, heart rate, 
urinalysis, and medical examinations. As all CMV drivers undergo the 
medical examination to maintain their CDL, the CDME data capture both 
drivers employed by companies and independent owner-operators. Given 
that the medical examination is conducted at least once every 2 years, the 
CDME data can become a longitudinal health data set on CMV drivers, as 
Thiese and colleagues (2015b) demonstrated. One can use these data not 
only to calculate baseline estimates and trace the prevalence of various 
health conditions in CMV drivers (Thiese et al., 2015b) but also to estimate 
the impact of new and revised guidance on disqualifying medical condi-
tions for driver certification. 

THE NEED FOR RESEARCH ON DRUG USE 
AND DRIVING PERFORMANCE

One of the findings of the Large Truck Crash Causation Study was 
that 17 percent of truck drivers in the study sample were using over-
the-counter drugs, and 2 percent were using illegal drugs. More than 
27 years ago, Lund and colleagues (1988) conducted a health survey at 
a truck weighing station in Tennessee involving 317 randomly selected 
tractor-trailer drivers. Participating drivers were asked to provide urine or 
blood samples, which were screened for alcohol and 80 other substances. 
Twenty-nine percent of the drivers in the study sample had alcohol, 
marijuana, cocaine, or prescription or nonprescription stimulants in their 
blood and urine. Couper and colleagues (2002) found similar results when 
they investigated the prevalence of drug use among 1,067 drivers in the 
state of Oregon. Twenty-one percent of the urine specimens tested posi-
tive for illicit, prescription, and/or over-the-counter drugs, and 7 percent 
tested positive for more than one drug. In addition, there have been 
numerous international studies of drug use among CMV drivers, as well 
as attempts to assess the performance effects. For details, see Krueger et 
al. (2011), which includes an extensive list of salient references.

The issue of particular concern to this panel is how various drugs 
influence the driving performance of CMV drivers. The U.S. Food and 
Drug Administration (FDA) and other federal agencies have advised the 
public that some prescription and over-the-counter medicines can make 
it unsafe to drive because their use may cause drowsiness (see Krueger et 
al., 2011). Research is scant on the link between drug use and impairment 
among CMV drivers as both ethical and practical difficulties are entailed 
in learning about drug impairment from actual motor vehicle accidents.3 

3 Presentation by Ronald Farkas, FDA, at National Transportation Safety Board (NTSB) 
Drowsy Driving Forum, NTSB Conference Center, Washington, D.C., October 24, 2014. 
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Nevertheless, some work has been done to investigate this linkage. The 
Large Truck Crash Causation Study found that prescription drug use did 
not increase the risk of being involved in a crash, but the relative risk of 
over-the-counter drug usage and illegal drug usage was 1.3 and 1.8 times 
higher, respectively. The National Transportation Safety Board, in collabo-
ration with the National Institute on Drug Abuse, conducted drug screens 
on blood specimens of 168 fatally injured truck drivers to investigate the 
influence of alcohol and other drug usage on fatal-to-the-driver crashes. 
The study found concentrations of marijuana and alcohol that could lead 
to driver impairment (Crouch et al., 1993). 

To address the issue of drugs and driving impairment would require 
information on the prevalence of drug use (including details on the types 
of substances) among CMV drivers, which could be one of the data items 
in the longitudinal survey recommended above. Also needed is com-
prehensive research investigating the association of alcohol and other 
substances with driving performance. For a summary of what is known, 
see Krueger (2010a).

RESEARCH DIRECTIONS FOR EVALUATION OF 
HEALTH AND WELLNESS PROGRAMS

From 1996 to 2006, FMCSA and the American Transportation Research 
Institute (ATRI), the research arm of the American Trucking Associa-
tions (ATA), conducted an educational program on fatigue for trainers of 
motor carriers, their trucking officials, and drivers. This program—a train-
the-trainer program entitled Mastering Alertness and Managing Driver 
Fatigue—covered such topics as the importance of obtaining adequate 
rest and sleep, body and sleep physiology, circadian rhythm effects, shift-
lag influences from rotating work schedules, sleep disorders, the influ-
ences of chemical substances, a list of drowsy driver warning signals, 
and a set of fatigue countermeasures (Krueger et al., 2007). This program 
was accompanied by a driver wellness train-the-trainer program known 
as “Gettin’-In-Gear,” offered by FMCSA and ATRI from 2001 to 2006. 
The  latter program focused on the health, fitness, and wellness of CMV 
drivers and covered such topics as various health conditions affecting 
these drivers, sleep disorders, drug and alcohol use, individual diet and 
exercise plans to improve health and wellness, and relaxation techniques 
(Krueger and Brewster, 2002). 

Starting in July 2013, FMCSA and its international partners in Can-
ada began offering the North American Fatigue Management Program 
(NAFMP) (see Chapter 8). However, FMCSA does not know the extent 
to which these PowerPoint slides are being read by CMV drivers or the 
extent to which reading them is helping to change the drivers’ behaviors 
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to reduce their susceptibility to fatigue. (The primary program evalua-
tion activities can be found in Moscovitch et al. [2006] and Smiley et al. 
[2009].) Answering either of these questions will not be easy. Any type of 
request for personal information from visitors to the website is likely to 
have a very high percentages of nonresponse, and attempts to collect such 
information may reduce the number of visitors. Absent any type of evalu-
ation, however, FMCSA does not know the extent to which the current 
program is working. The agency has held at least one set of preliminary 
user focus group interviews, but has not yet expressed a clear idea as to 
which of the 10 training modules might be in need of modification. More 
generally, FMCSA needs to include in any education or training program 
a summative evaluation phase to test its efficacy

There are two possible approaches FMCSA could use to evaluate the 
NAFMP. First, a surprising amount of information can be acquired pas-
sively through web analytics. This information includes (1) the number of 
visits to the website; (2) the number of unique visitors; (3) the number 
of page views per visit; (4) the average visit duration; (5) the percentage of 
people who visit the site and immediately move on without looking at 
any other pages; and (6) the number of first-time visitors, which can be 
used to determine the percentage of new versus returning users. One can 
also learn about the different devices used to access the site, which tells 
something about the visitors. Further, one can learn whether a visitor 
was searching for a particular type of content, was referred to the site 
by another site, or typed in the website’s address directly. One also can 
identify the variety of keywords that brought a user to the website from 
a search engine. These various statistics can be cross-classified to obtain 
greater detail, and these statistics are available for 30 days to enable 
examining trends over time. To FMCSA’s credit, much of this type of 
analysis can be found in the monthly reports prepared by ATRI for the 
NAFMP Steering Committee. The panel supports the continuation of 
these analyses. Additionally, FMCSA needs to find a way of identifying 
when NAFMP training modules are downloaded from the website for 
corporate use, and determining whether these training materials were 
subsequently used in group training, say, at a carrier’s own training class-
room equipped to reach larger numbers of drivers. 

Analyses of individual interactions with the NAFMP website are 
limited because one cannot determine whether a visitor has changed his 
or her behavior after completing various course modules and whether 
those who have made such recommended lifestyle changes have actually 
improved their health. For FMCSA to learn about the effectiveness of the 
NAFMP, it will be necessary to recruit a sample of truck and bus  drivers 
to learn what their interaction with the program has been, whether this 
degree of interaction has affected their behavior, and whether there has 



Copyright © National Academy of Sciences. All rights reserved.

Commercial Motor Vehicle Driver Fatigue, Long-Term Health, and Highway Safety:  Research Needs

216 COMMERCIAL MOTOR VEHICLE DRIVER FATIGUE

been an associated change in their degree of fatigue or their health status. 
Clearly, if such a questionnaire were directed at web visitors, one would 
have to rely on self-reports to determine changes in health status, which, 
as discussed above, could be subject to considerable misresponse. Instead, 
direct measures of, for example, the amount of sleep obtained, current 
blood pressure, and weight would be desirable and perhaps even neces-
sary. As a stand-alone survey, this inquiry would likely be costly. How-
ever, the collection of such information could be incorporated into the 
longitudinal data collection mentioned in Recommendation 10, further 
justifying that recommendation. 

In addition to the NAFMP, some success in modifying behavior has 
recently been achieved through the use of incentive-based programs, such 
as the Safety and Health Involvement for Truckers Program, funded by 
the National Institutes of Health’s National Heart, Lung, and Blood Insti-
tute and targeted at truck drivers aiming to manage or lose weight.4 Such 
a program could have important advantages over the NAFMP in modi-
fying behavior. Therefore, research is needed to examine the advantages 
and disadvantages of such an approach. 

 
RECOMMENDATION 13: The Federal Motor Carrier Safety 
Administration (FMCSA) should carry out a research program on 
driver fatigue management and training. This research program 
should include

•  evaluating the effectiveness of the North American Fatigue Man-
agement Program (NAFMP) for educating truck and bus drivers 
in how to modify their behavior to remedy various potential 
sources of fatigue;

•  determining how effective the NAFMP training modules are in 
meeting the needs of drivers’ employers, including fleet man-
agers, safety and risk managers, dispatchers, driver trainers and 
other corporate officials (e.g., those conducting carrier-sponsored 
employee health and wellness programs);

•  evaluating any new education programs regarding sleep apnea 
that FMCSA has or plans to develop; and

•  examining possibilities for the development and evaluation 
of incentive-based programs for improving health and fitness, 
including regular coaching, assessment, and support.

4 Safety & Health Involvement for Truckers. Available: https://www.ohsushift.com/ 
[March 2016]. 
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Actigraphy: The monitoring of time spent asleep using an actigraph, a 
device often worn on the wrist that assumes lack of movement indicates 
the wearer is asleep. 

American Transportation Research Institute (ATRI): A nonprofit research 
organization that is a member of the American Trucking Associations.

Biomathematical models: Mathematical models that predict the impacts 
on performance of various work/rest schedules, including the effects of 
extended wake durations or rotating shifts. Very simple versions of such 
models are used to analyze two systems: sleep/wake homeostasis and the 
circadian biological clock.

Body mass index (BMI): A measure of a person’s degree of obesity, which 
is obtained by dividing the person’s weight (in kilograms) by the square 
of his or her height (in meters).

Carrier: A truck or bus carrier is a business that owns trucks or buses, 
respectively, and, unlike independent owner-operators, employs drivers 
to meet its driving needs. 

Case-control study, cohort study, case-crossover study: A case-control 
study compares subjects who have a response or outcome of interest with 
those who do not in order to determine whether the two populations 

Glossary
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differ in the frequency of potential causal factors. This analysis assumes 
that the two groups of subjects are otherwise similar with respect to any 
confounding factors, and this similarity can be achieved through pairwise 
matching and other techniques. In a cohort study, subjects are followed 
prospectively to determine which risk factors are and are not associated 
with the development of some condition or outcome of interest over time. 
A case-crossover study is similar to a matched-pair case-control design, 
except that the matched pair in this case is the same subject at two differ-
ent points in time. 

Circadian rhythm: Based on an internal biological clock that regulates 
when one has periods of sleepiness and wakefulness during the day. For 
many people, the period of greatest sleepiness comes between 2:00 and 
4:00 AM, with a lesser period occurring between 2:00 and 4:00 PM.

Commercial driver’s license (CDL): Required to drive a commercial 
motor vehicle. To obtain a CDL, one must pass both a skills test and a 
knowledge test. 

Commercial Driver’s License Information System (CDLIS): A nation-
wide computer system of commercial driver’s licenses that allows state 
driver’s licensing agencies to determine whether a commercial driver has 
any out-of-state convictions or other similar information. The central site is 
maintained by the American Association of Motor Vehicle Administrators.

Commercial motor vehicle (CMV): Either a single vehicle with a gross 
vehicle weight rating of 26,001 or more pounds; a combination of vehicles 
with a gross vehicle weight rating of 26,001 or more pounds if a vehicle 
being towed is more than 10,000 pounds; a vehicle that carries 16 or more 
passengers, including the driver; or a vehicle that transports hazardous 
materials. 

Commercial Vehicle Safety Alliance (CVSA): An international nonprofit 
organization comprising motor carrier safety officials and industry repre-
sentatives from the United States, Canada, and Mexico, with the mission 
of promoting commercial motor vehicle safety and security. As part of its 
mission, CVSA establishes out-of-service standards for commercial vehi-
cles operating in North America, and its inspections can place a vehicle 
out of service if violations are discovered during the inspection process. 

Confounding factor: A factor that may be causally associated with some 
outcome of interest and is not of primary interest in a study.
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Disclosure avoidance, disclosure protection (sometimes called statistical 
disclosure avoidance, statistical disclosure protection, disclosure control, 
or other similar terms): A collection of techniques used to protect confi-
dential individual-level information while at the same time retaining as 
much of the information as possible in a database that does not provide 
individually identifiable information. 

Drowsiness or fatigue: Drowsiness refers to feeling sleepy or tired or 
being unable to keep one’s eyes open. Fatigue is a more general and sub-
jective term that refers to increasing performance variability and instabil-
ity in behavioral alertness and vigilance due to continued time on task 
without breaks.

Electronic-on-board recorder (EOBR): A device that is used primarily 
to log when a vehicle was in operation for some recent period of time—
essentially the same as electronic logging devices (ELDs), and in contrast 
to paper logs. 

Employee health and wellness programs: Encompass various methods 
for educating, incentivizing, and providing feedback to employees about 
their diet, exercise, and sleep habits to improve their health and wellness 
over time.

Exposure data: The amount of time or distance driven. Vehicle-miles 
 traveled (VMT) is a common measure of exposure.

Fatality Analysis Reporting System (FARS): A database containing infor-
mation on all motor vehicles involved in fatal traffic crashes in the United 
States, maintained by the National Highway Traffic Safety Administration 
(NHTSA).

Fatigue risk management plan (FRMP) and fatigue risk management 
system (FRMS): A fatigue risk management plan establishes policies on 
managing and mitigating fatigue during operations. It typically includes 
a requirement for employee (e.g., drivers, fleet managers, dispatchers) 
fatigue awareness training, as well as processes for reporting instances 
of fatigued driving. A fatigue risk management system manages operator 
fatigue at a more granular level, and includes a continuous feedback loop 
that provides a means for continuous measurement and monitoring of an 
individual worker’s schedules.

Federal Highway Administration (FHWA): An agency within the U.S. 
Department of Transportation that, through financial and technical assis-
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tance to state and local governments, supports the design, construction, 
and maintenance of the U.S. highway system so that it is safe and tech-
nologically up to date. 

Federal Motor Carrier Safety Administration (FMCSA): An agency 
within the U.S. Department of Transportation with the mission of pre-
venting commercial motor vehicle-related fatalities and injuries. Its activi-
ties include enforcing safety regulations, targeting high-risk carriers and 
commercial motor vehicle drivers, improving safety information systems 
and commercial motor vehicle technologies, strengthening commercial 
motor vehicle equipment and operating standards, and increasing safety 
awareness. 

General Estimates System (GES): A database based on a hierarchical 
stratified sample of police-reported crashes involving at least one motor 
vehicle engaged in travel on a roadway and resulting in property dam-
age, injury, or death, maintained by the National Highway Traffic Safety 
Administration (NHTSA).

Hours-of-service (HOS) regulations: Set by the Federal Motor Carrier 
Safety Administration (FMCSA), they specify the maximum number of 
hours in a day and in a work week that commercial motor vehicle driv-
ers can drive and work, along with other rules on breaks and restart 
provisions.

Hypopnea/apnea: Measures of a lack of oxygen during sleep. The number 
of times a person is awakened during sleep per hour is called the apnea/
hypopnea index. It includes breathing cessations, or apneas, and partial 
obstructions, or hypopneas. 

Instrumental variables: A statistical technique that controls for confound-
ing and measurement error in observational studies and so promotes 
the potential for drawing causal inferences. In particular, in regression 
models, an explanatory variable X may be associated with the error term 
(which combines the effects of factors not included in the model), with the 
result being biased regression coefficients. An instrument Z is one that is 
causally related to X, that affects the outcome variable Y only through its 
impact on X, and that is independent of the error term, and therefore in 
replacing X, will provide unbiased estimates of the regression coefficients. 

Large Truck Crash Causation Study (LTCCS): A collaborative research 
project between the Federal Motor Carrier Safety Administration (FMCSA) 
and the National Highway Traffic Safety Administration (NHTSA) to col-
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lect detailed information on the possible causes of 963 large-truck crashes 
that took place between 2001 and 2003. The resulting database has sup-
ported a great deal of study of the causes of large-truck crashes.

Motor Carrier Management Information System (MCMIS): A census of 
all trucks and buses involved in a crash that involved a fatality, an injury 
to a person transported for immediate medical attention, or at least one 
vehicle towed because of disabling damage. It is maintained by the Fed-
eral Motor Carrier Safety Administration (FMCSA).

National Highway Traffic Safety Administration (NHTSA): Established 
to prevent highway crashes, in part by supporting research on their 
causes and how they can be prevented. Its focus is more on the safety of 
the vehicle and the driving environment than on the driver.

National Institute for Occupational Safety and Health (NIOSH): An 
agency within the Centers for Disease Control and Prevention that carries 
out research to reduce work-related illnesses and injuries.

National Registry of Certified Medical Examiners (NRCME): A list, 
established by the Federal Motor Carrier Safety Administration (FMCSA), 
of medical professionals who have completed training and successfully 
passed a test on FMCSA’s physical qualification standards for working as 
a commercial motor vehicle driver. These professionals can then be used 
to determine whether a commercial motor vehicle driver is physically fit 
to drive. A commercial motor vehicle driver whose medical certificate 
expires must be examined by a medical professional listed in the NRCME 
to retain driving privileges.

National Transportation Safety Board (NTSB): Charged with determin-
ing the probable cause of transportation accidents and promoting trans-
portation safety, and with assisting victims of transportation accidents 
and their families.

Naturalistic driving study (NDS): A study that collects video and other 
data on the performance of a vehicle while the driver is carrying out his or 
her usual driving duties. The Strategic Highway Research Program (SHRP) 
2 is a recently completed large naturalistic driving study of automobile 
drivers.

North American Fatigue Management Program (NAFMP): An online 
educational program designed to promote greater understanding of 
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effective ways to manage and mitigate fatigue in trucking and busing 
operations. 

Observational study: A study in which researchers observe subjects and 
measure variables of interest without assigning treatments to the subjects, 
so that the treatment each subject receives is beyond the control of the 
researcher.

Obstructive sleep apnea (OSA): The most common type of sleep apnea, a 
sleep disorder in which breathing repeatedly stops and starts during sleep. 
In OSA, one’s throat muscles intermittently relax and block one’s airway. 

Odds ratio: A measure of the association between a risk factor and an out-
come. The odds ratio is the probability that an outcome will occur divided 
by the probability that it will not in the presence of a risk factor, divided by 
the same ratio when the risk factor is not present. 

Owner-Operator Independent Drivers Association (OOIDA): A North 
American trade organization that represents the interests of truck drivers 
and works to affect state and federal legislation regarding the trucking 
industry. 

PERCLOS (percentage of eye closure): A measure of the percentage of 
eyelid closure over a period of time—one of the most accepted measures 
of drowsiness.

Polysomnography: A sleep study that records the following body func-
tions as subjects either sleep or try to sleep: air flow in and out of the 
lungs, the level of oxygen in the blood, body position, brain waves, 
breathing effort and rate, electrical activity of muscles, eye movement, 
and heart rate. 

Positive airway pressure (PAP)/continuous positive airway pressure 
(CPAP) devices: Devices that are effective for treating obstructive sleep 
apnea. They work by blowing pressurized air through the airway to keep 
the throat open. 

Propensity scores: A statistical technique that uses an estimate of the 
probability of treatment as a function of a set of potential confounding 
factors in various ways to balance a study’s treatment and control groups 
for the effect of those confounding factors. 
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Psychomotor vigilance test (PVT): A reaction-timed test that measures 
behavioral alertness and attention by measuring psychomotor speed, 
lapses of attention, and impulsivity induced by fatigue. 

Restart provision: As part of the current hours-of-service regulations, 
drivers may “restart” their 7/8-consecutive-day duty period after 34 or 
more consecutive hours off duty.

Rubin’s causal model: A causal effect is defined as the nonzero difference 
between potential outcomes (one of which must be counterfactual) when 
different treatments are administered at a particular point in time under 
otherwise identical conditions. 

Rumble strips: A road safety feature designed to alert fatigued or 
 inattentive drivers that they are leaving their lane or the roadway by 
causing a vibration and an audible rumbling sound when a vehicle’s tires 
pass over them. 

Safety-critical events (SCEs): Often identified by various kinematic 
motions of the vehicle, they are thought to be events that could have 
been crashes if the circumstances of the driving environment had been 
only slightly different.

Safety culture: A culture of shared beliefs, practices, and attitudes within 
an establishment that shapes behavior. It can include management and 
employee norms, beliefs, and attitudes; policies and procedures; super-
visor priorities; responsibilities and accountability; and employee training 
and motivation. 

Short-haul vs. long-haul drivers: Short-haul drivers often drive no  farther 
than 150 miles from home and return home most evenings. Long-haul 
drivers often drive farther than 150 miles, and their trips often require 
them to sleep away from home. 

Technologies for crash avoidance: Include electronic stability control 
(ESC), roll stability control (RST), lane departure warning (LDW), blind 
spot warning (BSW), forward collision warning (FCW), adaptive cruise 
control (ACC), and collision mitigation braking systems (CMBS).

Telematics: A set of technologies that use sensors to monitor the perfor-
mance of a motor vehicle, including braking, steering, and speeding.
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Truckload versus less-than-truckload services: Less-than-truckload ser-
vices combine shipments from multiple shippers and transports to mul-
tiple destinations. Truckload services typically entail a load from a single 
shipper that is to be transported to a single destination.

Trucks Involved in Fatal Accidents (TIFA) and Buses Involved in Fatal 
Accidents (BIFA): Two databases that resulted from censuses of medium 
and heavy trucks and of buses, respectively, involved in fatal crashes. 
Both were based on the Fatality Analysis Reporting System (FARS), sup-
plemented by data collected by University of Michigan Transportation 
Research Institute (UMTRI) researchers.

Vigilance: “The ability to maintain sustained attention within the road 
environment” (Thiffault and Bergeron, 2003). Alertness is roughly synony-
mous with vigilance.
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and an M.A. in engineering psychology and Ph.D. in experimental and 
engineering psychology from the Johns Hopkins University. 
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MELISSA M. MALLIS is president and chief scientist of M3Alertness 
Management, chief scientific advisor for Alertness Solutions, and senior 
science advisor for DB&A, a management consulting firm. She is also a 
fellow at George Mason University in the Center for Infrastructure Protec-
tion and Homeland Security. Previously, she served as chief scientist for 
operational and fatigue research at the Institutes for Behavioral Resources 
and as director of scientific affairs at Alertness Solutions. Her major areas 
of interest are the development of innovative, practical, and effective 
strategies to enhance safety, performance, and alertness in various 24/7 
operational environments. She has received several NASA superior per-
formance awards and incentive awards from the U.S. National Aero-
nautics and Space Administration. She has also received the Arnold D. 
Tuttle award from the Aerospace Medical Association and is a three-time 
awardee of the William E. Collins award from the Aerospace Human Fac-
tors Association. She has a B.S. in physics from Villanova University and 
a Ph.D. in biomedical science from Drexel University.

RICHARD PAIN (Consultant) recently retired from the Transportation 
Research Board, where he was the transportation safety coordinator in 
the board’s Technical Activities Division.  He served as staff to a wide 
range of committees, including studies of truck and bus safety, statistics in 
transportation, visualization in transportation, and future truck and bus 
safety research opportunities, as well as an international conference on 
research on the health and wellness of commercial truck and bus drivers. 
Prior to his work for the Transportation Research Board, his work focused 
on human factors and safety research and evaluation in the transporta-
tion, nuclear, civil, and military areas, conducting numerous laboratory, 
simulation, and fully operational experiments; training, development, 
conduct, and evaluation studies; and human engineering reviews. He has 
a B.A. in psychology from Hofstra University and an M.A. in clinical psy-
chology and a Ph.D. in applied experimental psychology from  Michigan 
State University.

JOHN R. PEARSON is program director of the Council of Deputy Min-
isters Responsible for Transportation and Highway Safety in Ottawa, 
Ontario, where he is responsible for developing, managing, and conduct-
ing research on policy development programs. He previously served as 
a consultant to the Council of Deputy Ministers; executive director of the 
Canadian Trucking Research Institute; director of technical programs for 
the Transportation Association of Canada; director of research for the 
Western Highway Institute; and project manager for the Vehicle Weights 
and Dimensions Study at the Canroad Transportation Research Corpora-
tion. His research interests include safety using naturalistic driving tech-
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niques, with expertise in highway safety, especially weights and dimen-
sions policies. He has twice received chairman’s award of the Roads and 
Transportation Association of Canada. He has a bachelor of engineering 
degree from Carleton University in Ottawa, Ontario.

ESHA SINHA (Costudy Director) is an associate program officer for 
the Committee on National Statistics. She has served as a staff officer 
for a wide range of projects, including studies on the measurement of 
productivity in higher education, future content and methods for R&D 
resources, and, currently, on compliance, safety, and accountability for 
federal motor carriers. Previously, she worked for the Indian Institute 
of Management in Ahmedabad. At the State University of New York at 
Binghamton, she worked extensively on student records on such topics 
as whether advanced placement or SAT scores are better predictors of 
college success and performance of transfer students. She has an M.A. 
degree in  economics from GIPE, India, and a Ph.D. in economics from 
SUNY Binghamton.

DYLAN SMALL is a professor in the Department of Statistics at the 
 Wharton School of the University of Pennsylvania and an associate 
scholar in the university’s Biostatistics Unit of the Center for Clinical 
Epidemiology and Biostatistics in the School of Medicine. His areas of 
research include causal inference, the design and analysis of observa-
tional studies, and applications of statistics to public health, medicine, 
and public policy. He is the founding editor of the journal Observational 
Studies. He is a fellow of the American Statistical Association and a senior 
fellow at the Leonard Davis Institute of Health Economics. He has an A.B. 
in mathematics from Harvard University and a Ph.D. in statistics from 
Stanford University.

ELIZABETH A. STUART is a professor in the Department of Mental 
Health, the Department of Biostatistics, and the Department of Health 
Policy and Management in the Johns Hopkins Bloomberg School of 
Public Health. Previously, she was a researcher at Mathematica Policy 
Research. Her primary areas of research include statistical methodol-
ogy for mental health research, particularly relating to causal inference 
and missing data. She also conducts research in the areas of education, 
prevention, and intervention using techniques such as multilevel model-

ing, matching, and propensity scores. She is a fellow of the American 
Statistical Association. She has an A.B. in mathematics and chemistry 
from Smith College and an A.M. and a Ph.D. in statistics from Harvard 
University.
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DAVID H. WEGMAN is professor emeritus and founding chair of the 
Department of Work Environment of the School of Health and Environ-
ment at the University of Massachusetts, Lowell. He is also an adjunct 
professor at the Harvard School of Public Health and vice president of 
the Alpha Foundation for the Improvement of Mine Safety and Health. 
His epidemiologic research includes the study of acute and chronic occu-
pational respiratory disease, cancer risk, and musculoskeletal disorders, 
and he also studies the subjective outcomes as early indicators of health 
effects, surveillance of occupational conditions and risks, and occupa-
tional health policy. He chaired the Mine Safety and Health Administra-
tion Advisory Committee on the Elimination of Pneumoconiosis Among 
Coal Mine Workers for the U.S. Department of Labor, the International 
Evaluation Group for an analysis of Occupational Health Research in 
Sweden, and the United Auto Workers/General Motors Occupational 
Health Advisory Board. He is a fellow of the American College of Epide-
miology, and he is a recipient of the Alice Hamilton Lifetime Achievement 
Award in the Occupational Health and Safety Section from the American 
Public Health Association. He has also served as chair of He has a B.A. 
in history from Swarthmore College and an M.Sc. in occupational health 
and an M.D. from Harvard University. 
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COMMITTEE ON NATIONAL STATISTICS

The Committee on National Statistics was established in 1972 at the 
National Academies of Sciences, Engineering, and Medicine to improve 
the statistical methods and information on which public policy decisions 
are based. The committee carries out studies, workshops, and other activi-
ties to foster better measures and fuller understanding of the economy, 
the environment, public health, crime, education, immigration, poverty, 
welfare, and other public policy issues.  It also evaluates ongoing statisti-
cal programs and tracks the statistical policy and coordinating activities 
of the federal government, serving a unique role at the intersection of 
statistics and public policy.  The committee’s work is supported by a con-
sortium of federal agencies through a National Science Foundation grant.
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